USDA United States Department of Agriculture
—»-"" Natural Resources Conservation Service
National Soil Survey Center

@/ Supplement to
The Desert Project
Soil Monograph
Volume I

Soil Survey Investigations Report No. 44



Supplement to the Desert Project Soil
Monograph
Soils and Landscapes of a Desert Region Astride
the Rio Grande Valley Near Las Cruces, New Mexico

Volume Il

L.H. Gile, R.J. Ahrens, and S.P. Anderson, Editors

U.S. Department of Agriculture
Natural Resources Conservation Service
National Soil Survey Center
Lincoln, NE
2003



Acknowledgments

Many people have been helpful during the course of this work. We are especially
grateful to Barbara Nolen, Jornada LTER, USDA-ARS, for preparation of the computer-
generated maps and illustrations in color. We appreciate the work of Sean Curry, who
digitized the soil map and measured the areas of the map units. We thank John
Massey, James Mason, and Steve Nechero of the National Cartographic and
Geospatial Center in Fort Worth, for their assistance in cartographic aspects of the
maps and illustrations. Also at Fort Worth, we thank Victor McWilliams and Robert
Taylor for their help in expediting transfer of the soil maps from the field sheets to the
1984 aerial photography. We are grateful to Roger Greenough and Gregg
Schellentrarger of the lowa Soil Survey staff for arranging the mapping transfer. Most of
the soils for which analyses are reported (see Appendix) are in the Jornada
Experimental Range. We are grateful to Kris Havstad, Clyde Yarbrough, Bob Gibbens,
Jim Lenz, Larry Shupe, and Eddie Garcia for their support and cooperation. We thank
Russel Barmore and Phil Camp for their help on series descriptions. John Hawley and
Bob Czerniak had helpful comments on the color maps and illustrations. We are
indebted to Curtis Monger for reviewing the manuscript. Thanks also go to Yvonne
Flores for typing the manuscript and to Janet Bauer for scanning it.

View of a Pachic Halpustoll and an Ustic Haplargid in the Soledad Canyon of the Organ
Mountains. The Pachic Halpustoll (Santo Tomas 60-12), which formed in Organ alluvium of Holocene

age, is at the tape in the foreground. The Ustic Haplargid (Caralampi), which formed in Jornada
alluvium of middle Pleistocene age, is in the middle background. The Organ Mountains are on the

skyline.

The United States Department of Agriculture (USDA) prohibits discrimination in all of
its programs on the basis of race, color, national origin, gender, religion, age, disability,
political beliefs, sexual orientation, and marital or family status. (Not all prohibited bases
apply to all programs.) Persons with disabilities who require alternative means for
communication of program information (Braille, large print, audiotape, etc.) should
contact the USDA’s TARGET Center at 202-720-2600 (voice or TDD).

To file a complaint of discrimination, write USDA, Director, Office of Civil Rights,
Room 326W, Whitten Building, 14th and Independence Avenue SW, Washington, DC
20250-9410, or call 202-720-5964 (voice or TDD). USDA is an equal opportunity
provider and employer.



Contents

Acknowledgments ...............ccccciiiiii ii
Summary of Tables .............cccooiiiiiiie, vii
List of Figures ............cccoviiiiiiiii e ix
Foreword ............cccooiiiiiiiiie e XVii
Chapter 1: New Maps, Photography, and Data .... 1
INtroduction ..o 1
Sheet lllustrations ... 2
Pedogenic and Geomorphic Setting ...........cc.c..... 3
SOil TAXONOMY oot 11
The 1994 Classification System for
ARAISOIS ..., 11
Diagnostic HOrzons ..o, 11
Typic vs. Ustic Aridisols ...........ccceeevviiiiieeeinnns 11
Additional Moisture Towards the
Mountains ........ceeveiiiiiiiiieeeeieeeen 15
Additional Moisture From Runoff................ 15
Buried SOIlS .......cooiiiiiiiieee e 15
General SOIl Map .......ccoociiiiiieieeee e 16
Soils of the Valley Border and Adjacent
Relict Basin FIOOrS ........cocccviieveiiiiinnen. 16
No. 1. Bluepoint, University, Kokan, and
Yturbide Soils . ......oeeeeiiiiiie 17

No. 2. Rilloso, Caliza, and Yturbide soils .. 17
No. 3. Tencee, Upton, Dalian, and Weiser

SOIIS .o 17
No. 4. Rotura-Bluepointcomplex ............. 17
No. 5.Tencee and Algerita soils ................ 18
No. 6. Cruces SoilS .......ccceeerieeeeiiiieeniieenn. 18
No. 7. Calizacomplex .......ccccoceeriverrnnnnnn. 18
No. 8. Nickel-Whitlock-Argids complex ..... 18
No. 9. Bucklebar and Onite soils ............... 18
No. 10. Rilloso and University sails ........... 18

Soils of the Piedmont Slopes .........cccccceeeennee. 19

No. 11.Algerita complex ........ccccvvvirneenenn. 19
No. 12. Delnorte-Algerita complex ............ 19
No. 13. Sonoita, Dona Ana, and Bluepoint

SOIIS .o 19
No. 14.Hachita and Pinaleno sails ........... 19
No. 15. Soledad-Onite complex ................ 19
No. 16. Terino, Terino analogs, Boracho,

and Caralampi SOilS........cccccceeerenenn. 19
No. 17. Baylor, Santo Tomas, and Earp

SOIIS e 20
No. 18. Caralampi complex..........c.ccceuueee. 20
No. 19. Onite and Herbel soils ................... 20
No. 20. Berino, McAllister, and Bluepoint

SOIIS et 20

No. 21. Bucklebar and Yucca soils and
Bucklebar Ustic analog .....................
No. 22. Delnorte very gravelly sandy
[08M .
No. 23. Summerford, Onate, and
Aladdin SOilS ........oeeeeeiiiiiiiii,
No. 24. Tencee, Upton, and Jal soils ........
No. 25. Tencee, Boracho analog, and
Kimbrough SoilS .......ccceveviiiiiiiiiienen.
No. 26. Herbel and Anthony soils .............
No. 27. Reagan-Glendale complex ..........
No. 28. Headquarters complex ................
No. 29. Jalsandy loam..........ccccoovuirinnnnn.
No. 30. Dona Ana soilS ........ccceeeeeeeeiennnnnnn.
No. 31. Dona Ana sandy loam..................
No. 32. Herbel and Onite soils .................
No. 33. Hachita, Casito, Delnorte, and
Nickel SOIlS . ..o
No. 34. Whitlock and Rilloso soils ............
Soils of the Basin Floor North of
Highway 70 .....oooooiiiiiiiiiieee e,
No. 35. Reaganclay loam ............cccveeeenn.
No. 36. Algerita and Chispa soils .............
No. 37. Stellar-Continental complex .........
No. 38. Dalbyclay ......cccccoecuvvreriiiiiiieenenn.
No. 39. Tencee, Simona, Cacique, and
Cacique analog soils ...........ccccueeenee
Repeat Photography .........ccccocieeeiiniiiieeeeeee
Black Grama .......cccceveeeiiiiiieie e
The Black Grama Exclosure ......................
Black Grama North of the Dona Ana
EXClOSUre ...ooooiiiiieee
Black Grama Near the Isaacks’
Radiocarbon Site............ccccveveeeenneee.
Spread of Creosotebush and Other Shrubs ...
The Typic Haplargid, Whitlock 60-2 ............
The Typic Petrocalcid, Delnorte 66-2 .........
The Typic Haplargid, Onite .........c..cccceeeneeee.
The Ustalfic Petrocalcid, Hayner 60-5 ........
A Color Presentation of Selected Features in
the Desert Project ...
Effects of Increasing Precipitation From
the Arid to the Semiarid Zone ................
Effects of Surface Moisture Concentration
in the Arid Zone .......cccouviiiieieiii,
Small Depressions .........ccceeeveveeeerieeeeneens

22



Narrow Drainageways...........ccccceeviuvveeeeenn. 58
Features of Broad Drainageways: Buried
Soils, Natural Gullies, Gully Fills,
and Inherited Drainageways .............. 64
The Basin Floor North of Highway 70 ........ 71
Effects of Subsurface Moisture
Concentration in the Arid Zone: Pipes ... 78

Pipes of Holocene Age ............cccoceiieae 78
Pipes of Late Pleistocene Age ................... 78
Pipes of Middle to Early Pleistocene
AJE o 82
Pipes of Late Pliocene Age .............cccc.... 85
Other Features of the Semiarid Zone ............. 94
An Ustalfic Petrocalcid on the Dona
Ana Surface in Ice Canyon................. 94
An Ustic Haplargid on the Organ
SUMACE ...eeiiie e 94
An Aridic Argiustoll of the Organ
SUMACE ...eeiiie e 94
An Ustic Haplargid of the Jornada
SUMACE ...eeiiie e 94
An Ustic Haplargid of a Jornada
Pediment .......ccccoiiie 94
Soils Dated by Radiocarbon Ages of
Buried Charcoal.........cc..ccooecvvvereeennene. 106

The Gardner Spring Radiocarbon Site
(High-Carbonate Parent

Materials) ......cooorveeiiiiiieeiieee e 106
The Isaacks’ Radiocarbon Site (Low-
Carbonate Parent Materials) ........... 116

The Shalam Colony Radiocarbon Site
(High-Carbonate Parent
Materials) ......cooorveeiiiiiieeiieee e 125
The Fillmore Arroyo Radiocarbon Site
(Low-Carbonate Parent

Materials) ......cooorveeiiiiiieeiieee e 128
Soils of Holocene Scarps in High-
Carbonate Materials .............cccoveeeenne 132
Soil-Geomorphic Reconstruction...................... 137
The Soil Chronology 17,000 Years Ago ........ 137
The Argillic Horizon 17,000 Years Ago ......... 137
The Stages of Carbonate Accumulation
17,000 Years AQO ....oeeeeeeeeeeiiiiiaaaaeeaenn, 137
Constructional Surfaces vs. Structural
Benches ... 138

Reconstruction of the Jornada | Surface ...... 138
Some Effects of Human Activities on Eolian
Erosion and Deposition: Historical

Coppice DUNES .......ooeviiieeiiieee e 138
The Detailed Soil Maps .......ccccoceeviieeeiiieeeennnen. 141
Map Units and Conventions .............ccccee.... 141

Relation of Map Unit Symbols to Major
Soil HOMZONS ..o
Map Unit Composition, Symbols, and
NAMES ..coooiiiiiieiee e

Tencee and Algerita Soils (10C) ..............
Tencee-Simona-Cruces Complex

(TOCA) e
Weiser and Jal Analogs (10CB) ...............
Tencee-Upton Complex (10L) ..................
Upton-Tencee-Jal Complex (10LL) ..........
Boracho Analog (10LO) ......ccceeeiieeeennnnen.
Tencee Soils (100L) ......coeviiieeiiiiieiiiiene
Delnorte Very Gravelly Sandy Loam

(QL0L0] ) I
Tencee-Calcids Complex (10MLO) ..........
Delnorte Complex (10R) ......cccceeviieeeernnen.
Boracho Complex (10RO) ........ccccceeeennen.
Delnorte-Algerita Complex (10RR) ..........
Nickel-Delnorte-Simona Complex

(TOV) e
Kokan Complex (10W) .......cccoceeeiieenrnnnen.
Rilloso Soils (1T1A) ..eoeiiiiiiiieeeeiieeiees
University-Rilloso Complex (11B) ............
Jal Sandy Loam (11L) ...ooevvieeriiiiieiiieene
Weiser-Dalian Complex (11LG) ...............
Nickel Complex (11R) ...ccoeevviieeiieeeen.
Caliza Complex (11X) ..oooveeriiiiieiieeeenee
Nickel and Whitlock Soils and Argids

(1Y) e
Whitlock-Berino-Rilloso Complex

(TTYA) e
Caralampi Complex (12MO) ............c.......
Cruces Soils (12P) .....ceeevieeeiiieeeeieeee
Hachita and Pinaleno Soils (12R) ............
Terino Soils (12RA) ..cccueeiiiieieeeeeieee
Hayner Complex (12RO) ......ccceevvveeennnnen.
Eloma Complex (12ROA) .....cccoceeriiiieenns
Hachita-Pinaleno Complex

(12RR) oo
Hachita-Casito Complex (12V) ................
Terino Analogs (123R) ......ccceeeiieeeiiieeene
Arizo Complex (13F) ...eeeeiieieiieeeiieee
Dalian Complex (13G) ....coeerveeerriieeernennn.
Glendale-Reagan Complex (13L) ............
Herbel Soils, Torrifluvents, and

Haplocalcids (13LG) .....ccccoveeerinnenne
Herbel Soils (13ML) ...ccovveeeiiiieeiiieeeeen.
Herbel Complex (103ML) ........cccecveeennnnen.
Aladdin Analog (13LGO) ......cccccoeeeiiieenne
Onite and Pajarito Soils (13M) .................
Bucklebar Complex (13MA) ........cccceevueen.



Onite, Yturbide, and Herbel Soils

[GELY =) R 188
Bluepoint-Argids Complex (13MC) .......... 189
Yucca Sandy Loam (13MD) ........cccceuueeene 190
Onite Sandy Loam (13MM) ..........cccueee..e. 191
Onate Complex (13MO)........cccoeeviieeennee 192
Summerford Complex (13MOA,) .............. 193
Adelino Clay Loam (13P) .....cccoooeeeinieenne 194
Soledad-Onite Complex (13R) ................. 195
Baylor, Santo Tomas, and Earp Soils

Q1] 270 T 196
Herbel and Yturbide Soils (13S)............... 197
Herbel Complex (13V) .....ooovieiiiiiiiiee. 198
Kokan, Yturbide, and University Soils

(13X) oveeeeeeeeeeeeeeeeeeee e, 199
University and Bluepoint Soils (13Y) ........ 200
University, Bluepoint, and Herbel Soils

(1BYA) oo, 201
Bucklebar and Onite Soils (14P) .............. 202
Caralampi Very Gravelly Sandy Loam

(G120 R 203
Tres Hermanos-Onite Complex (14V) ..... 204
Summerford Soils (14VA) .....cccoeeviieeennee 205
Berino Association (15M) .........ccccceeenneen. 206
Berino Sandy Loam (15MA) ...........ccocueee. 207
Berino-Bluepoint Complex (15MB) .......... 208
Hap Gravelly Sandy Loam (15MG) .......... 209
Rotura-Bluepoint Complex (15P) ............. 210
Sonoita Sand (15S) ....cooeveiiiiiiiiieeeee 211
Sonoita, Hueco, and Yucca Soils

QLSS R 212
Sonoita, Dona Ana, and Bluepoint

S0ilS (15SB) ..eeeeiiieeeiiieee e 213
Headquarters Complex (16L) .................. 214
Dona Ana Soils (16LS) .......cccoeeriveeennnen. 215
Dona Ana-Algerita Complex (16M) .......... 216

Algerita Complex (16MA) ........cccoceervieenne 217
Whitlock and Rilloso Soils (16MB) ........... 218
Stellar-Continental Complex (16V) ........... 219
Dona Ana Sandy Loam (16VG) ............... 220
Reagan Clay Loam (51) ...cccoceviiiiiiiiiieenns 221
Dalby Clay, Overflow (53) .......cccccoeeennnnen. 222
Bucklebar Analog, Overflow (53A) ........... 223
Stellar-Continental Complex,

Overflow (55) ..coovieeeiiieieiiieeeiiieee 224
Algerita Sandy Loam, Eroded (56) ........... 225
Algerita Sandy Loam (57) ....cccocoeeiiieene 226
Tencee, Simona, and Cruces Soils (58) ... 227
Cacique and Hueco Analogs (59) ............ 228
Cacique and Hueco Soils and Rotura

ANalog (60) ..occvveeeriiieeiiee e 229

Torripsamments, Torriorthents,
Haplocalcids, and Rocky Areas

(40B) e 230
Additions to the Soil Map ........ccccoviieeiiiennnneen. 231
DISCUSSION ...ccvviieeeeee e 231
References.......cooooveeveeiiiiieieeeeeeeeeeeeeeeee, 233
Appendix: Laboratory Data and Descriptions
of Sampled Pedons ..........cccccoeeiiiiiiiienne 237
Chapter 2: Areal Evaluation of Organic and
Carbonate Carbon ..............................ccee, 367
Introduction ........ccoovvviiiiiieee, 367
Methods .....covveieeee e 367
RESUIS .oveeeeeeeeeeeeee e, 368
DISCUSSION ...ccevieieeeetee e 369
Areal Soil Organic Carbon ...........cccceeviieees 369
Prediction of Soil Carbon ..............ccovvvvennnnnn. 370
Carbonate Carbon That Is Not Included ....... 370
Rate of Carbonate Accumulation ................. 371
Carbonate as a CO, Sink ...........c.ccccoeiie. 371
SUMMATY . 372
References .......coevvvveeeiiiiiieeeeeeeeeeeeeeee, 372






Summary of Tables

Chapter 1: Page
—Soil classification and location of laboratory data and pedon
(o (=T Yo7 ¢ 0] 110 ] 1= PSSP 5

Geomorphic surfaces, stages of carbonate accumulation, and
totals of pedogenic carbonate in soils of the valley border, piedmont
slope, and basin floor north of Highway 70 ..o 10

JUugggoy (o ool ud

Vi






Figure 1]—Location of the Desert Project in Dona Ana County, southern

NEW MEXICO ..ttt e et e e e e e e e e e e s XViii
Figure 2]—Location of the Desert Project in the Basin and Range country

Of SOUtNEIN NEW IMEXICO ... 1
Figure 3] —Major landforms in the Desert Project ...........cccvueveveeceeueeeeerceeseeenceeens 2

Repeat Photography

Figure 4]—Location of repeat photography Sites .............cccceueweverecueeeereereeeeeeeeeennns 24
Figure 5] —February 2000 view north along the west fence line, black grama

EXClOSUIE, SITE T ..ottt et e e e e e e e et e e e e e eaaaeeaees 26
Figure 6]—1962 photograph of interior of exclosure, looking east .............ccccco......... 27
Figure 71—February 2000 photograph of the same area ...........cccceceeeveeeeierieniennns 27
Figure 8] —1961 photograph of vegetation and rock strip just west of the

EXCIOSUIE ..ttt et e e e e e e e e e e e e e e e e e e e b e e e e e 28
Figure 9]—February 2000 photograph of the same area ..............cccceueveveveeereercnnns 29
Figure 10]—1946 photograph of drainageway just east of the exclosure .................. 30
Figure 11]—1961 photograph of the SamMe @rea .............ccccceueueveeeceeeeeeeeeeeeeeeenee 31
Figure 12]—March 2000 photograph of the same area.............cccccccevevueveeuereeeennnnsn. 32
Figure 13]—1961 photograph of the exclosure, from the east fence looking west .... 33
Figure 141—March 2000 photograph of the same area.............c.ccccevoeueveeuerereennnnen. 33
Figure 15]—March 2000 photograph of the south boundary area between the

main and the INNEr EXCIOSUIE .........oouuiiiiiiii e 34
Figure 16]—March 2000 photograph of the north boundary area between the

main and the INNEr EXCIOSUIE .........oouiiiiiiiii s 34
Figure 17]—1920 photograph of site 2, a black grama area just north of the

DON@ ANA EXCIOSUIE ....coiiiiiiiiiie ettt 35

Figure 18] —January 1991 photograph of the same area..............ccccoeuevevecueeeeercnnns 36

U000



Figure 25]—November 1988 photograph of the same area ............cccccocevevevcueueennn.
Figure 26]—March 1972 photograph of site 6, an area without creosotebush ..........
Figure 27 —March 2000 photograph of the same area with creosotebush ...............
Figure 28] —1960 photograph of Ice Canyon area, Site 7 ...........ccocovevcueueeeveceeeeennn.
Figure 29 1—May 2000 photograph of the same area showing the expansion

OF SAIUDS ... e

Color Photography
Figure 30]—Location of color photography SIeSs ..............cccceueureereeceeeeeeeeeeceeeeeennns
Figure 31]—Landscape at site 1; elevation of 4,350 feet ............cccoeeveeuerrrerecreeereennne.
Figure 32]—Soledad 66-16, a Typic Haplargid ............coccovcueueereereeeceeeeeeeeeceeeeeenene
Figure 33]—Landscape at site 2; elevation of 4,370 feet ...........ccocoveecueerreeecereeeennn.
Figure 34]—Soledad 67-4, a Typic Haplargid ...........ccceueveeeeecueeeeeeeceeeeeeeeeeee e
Figure 35]—Landscape at site 3; elevation of 5,700 feet ............cocoeeeeeueerreeeceerereennne.
Santo Tomas 60-12, a Pachic Haplustoll ............ccccveveueueeeeerceceeeeenen.

Figure 37]—1936 aerial photograph locating two illustrative soils on the lower
LA MESA, At SIEE 4 ..eeeeeeeeee e e

Figure 38}—Landscape away from a depression in the lower La Mesa ....................

Figure 39]—The Typic Petroargid, Rotura, away from the depression......................

Figure 40—Thin section of the plugged part of a K21m horizon in a Rotura
pedon, showing dissolution of primary grains and replacement by calcite..............

Figure 41]—Thin section of the C horizon of a Rotura pedon, showing opal
miniscus bridges between grains ...

Figure 42]—Thin section of the K21m horizon of an Argic Petrocalcid on the
upper La Mesa, showing dissolution of silicate grains by pressure solution
and replacement by CalCIte ..........oooiiiiiiiiiiii

Figure 43]—Thin section showing replacement of silicate grains by carbonate
in the K2 horizon of a Typic Haplocalcid of Jornada l age ..........cccccuveeviiiiiininnnenn.

Figure 44}—Landscape of a depression in the lower La Mesa............cccccceeveieienene

Figure 45]—The Typic Calciargid, BerN0 68-2...........cccvcvevcueueeeeereeeeeeeeeeeeeeeeeeeneen

Figure 46 1—Location of Highway 70 and other major features in the Desert
PrOJECE @rEa ...

Figure 47]—1958 aerial view along Highway 70, from the valley border to San
AGQUSTEIN PSS ...

Figure 48]—1936 aerial photograph showing the Jornada Road, U.S. Highway
70, and an area of detailed StUAY ...

Figure 49]—1936 aerial photograph locating contour lines and narrow and
broad drainageways that cross Highway 70 ...........cccveiiiiiiiiiiiiee e



Figure 50]—Soil map in and adjacent to the narrow drainageway .............ccce.........
Figure 51]—Landscape adjacent to the narrow drainageway ...............c.ccceeeveeeeueeen..
Figure 52]—The Typic Calciargid, Berino 60-7, adjacent to the drainageway ...........
Figure 53]—Thin section showing prism faces in the Bt horizon of Berino 60-7........
Figure 54]—Landscape of the narrow drainageway in the Jornada Il surface............
Figure 55]—The Typic Haplargid, Bucklebar 66-8 .............cccceeveveeucueeeeeeerceeeeenens
Figure 56]—Soil map of a broad drainageway that crosses Highway 70 ..................
Figure 57]—1965 photograph showing the general stratigraphy that typifies

much of the broad drainageway ......

Figure 58]—Thin section of a pipe showing argillans on a ped face and in a pore ....
Figure 59]—1965 photograph of a gully fill of Isaacks’ Ranch age exposed in the

Highway 70 qully ........coooiiiiieeeinnnnns

Figure 60]—1981 view of the same guIly fill ............cceueveveverceeeeeeeeeeee e
Figure 61]—The Typic Haplargid, Bucklebar 88-1, exposed in the gully fill ...............
Figure 62]—Thin section of the Bt horizon in Bucklebar 88-1, showing grain

argillans ...

Figure 63]—Thin section of the Btk horizon of Bucklebar 88-1, showing partial
obliteration of grain argillans by carbonate ...........cccoccuiiiiiiiiii e,

Figure 64 }—Landscape of the Jornada | basin floor ...........ccccecevvieeiiieiiiieieee
Figure 65]—The Ustic Calciargid, Stellar 60-21 .........c.c.c.ovevcueueeeeeeeeeeeeeeereeeeeees
Figure 66]—Thin section of the Bt3 horizon of Stellar 60-21 ............ccccoevevcueueveennnes.
Figure 67]—Landscape of the Petts Tank surface on the basin floor .......................
Figure 68]—The Ustic Haplocalcid, Reagan 60-17 ............ccccoeuevevecueeeeeeeeeeceeeeenens
Figure 69]—Thin section of the Bk3 horizon of Reagan 60-17 ...........ccccccoevvueveveennnee.
Figure 70]—Landscape of the Chromic Haplotorrerts on the Lake Tank surface ......

Figure 71]—The Chromic Haplotorrert

, Dalby taxadjunct 60-16 ...........cccceveeeeeeennnen.

Figure 72]—Slickensides and surface cracks in the Dalby taxadjunct ......................
Figure 73]—Landscape view of a small Holocene pipe that has formed in a

Berino soil, a Typic Calciargid of the

Jornada Il surface (late Pleistocene) ............

Figure 74]—A closer view of the pipe and adjacent SOil ..........c.c.cccvovueueueeeverceeeeennn.
Figure 75]—The abrupt boundary between the pipe and the bordering soil ..............

Figure 76]—The lower part of the pipe

Figure 77 }—Diagram of a pipe in the lower La Mesa ...........cccceveeieieienicieceeieens
Figure 78]—1972 photograph of the lower La Mesa and top of pipe ...........cccc.........

66

Xi



View of the upper part of the petrocalcic horizon (which constitutes
the sloping west wall of the pipe) and the overlying thick Bt horizon...................... 83

Figure 80]—Photograph of stage 1, II, and Il horizons above the petrocalcic
L] 7220 o PP UU PRI 84

Figure 81]—View of a thin, discontinuous laminar horizon atop the petrocalcic
NOTIZON <.t e e e s e e e s 85

Figure 82]—Diagram of a pipe on the upper La Mesa ...........ccccccoeueverrerrverusrcnnnnn. 86
Figure 83]—1959 photograph of the “airport trenches” of the upper La Mesa............ 86

Figure 84]—View along the south wall of the north trench, showing pedons 61-7
ANA BB-8 ...t e e 87

Figure 85]—A closer view showing the sloping east and west sides of the pipe ....... 87

Figure 86]—Photograph of the edge of the pipe, showing mergence of the thick
stage Il horizon and the laminar horizon that has formed at a shallower depth .... 88

igure 871—A closer view of the mergence zone of the two separate laminar

NOFIZONS ..t e e e e s 88
Figure 88]—The Typic Calciargid, Berino 68-8, in the pipe .........ccccoevevuevevevcreerennne. 89
Figure 89]—Photograph of the lower part of the pipe at pedon 68-8.......................... 90
Figure 90]—Thin section of the Btk horizon in the lower part of the pipe showing

thick grain argillans ..........oooiiiiiii e 91
Figure 91]—Thin section of the deep Btk horizon in the pipe, showing laminated

ClaY DIIAGES ... 92
Figure 92]—Thin section of the deep Btk horizon, showing a silica nodule in

which voids have been filled with silica cement ............ccccccoiiiiii 93
Figure 93]—Digging (with a jackhammer) the sampling trench for the Ustalfic

Petrocalcid, Hayner 60-5, in 1€ CaNYON ........cccooiuiiiiiiiieeiie e 95
Figure 94]—The upper horizons of Hayner 60-5, the east end of the Dona Ana

surface, Ice Canyon, and Baldy Peak in the Organ Mountains.............ccccceeeunneee. 96
Figure 95]—The Ustalfic Petrocalcid, Hayner 60-5 ...............c.coceuevecuereeuereeeerercenane. 97
Figure 96]—Thin section of the Bty horizon of Hayner 60-5................cccccccueremnnee. 98
Figure 97 }—Landscape of the Ustic Haplargid, Summerford ............cccccoocvvveierenens 99
Figure 98]—Profile of the Ustic Haplargid, Summerford .............cccccccvvrueveruercunnne. 99
Figure 99]—Thin section of the Bt1 horizon in the Summerford soil ....................... 100
Figure 100]—Landscape of the Aridic Argiustoll, Onate 59-1 ............cccccevevereveenene 101
Figure 101]—Profile of the Aridic Argiustoll, Onate 59-1 ..........cccevevuevevrrrrrrrerrreans 101
Figure 102]—Thin section of the Bt horizon in Onate 59-1 ..........cccccccceveuevrunnaeee. 102
Figure 103]—Landscape of the Ustic Haplargid, Caralampi 60-9 ..............cccc......... 103
Figure 104]—Profile of the Ustic Haplargid, Caralampi 60-9..............ccccccvvuereuennrne.. 103

Xii



Landscape of Jornada pediment and profile of the Ustic
Haplargid, Monza 70-1, in the bedrock pediment ..., 104

Thin section of the Rt horizon formed in bedrock near Monza 70-1 .. 105

1936 aerial photograph showing the Gardner Spring radiocarbon
site, west of the San Andres Mountains. The site is within the White Sands
TEST FACHITY oo 107

Figure 108—Location of the five fenced areas that will be permanently
preserved at the radiocarbon SIte ... 108

Figure 109}—Diagram of the deposits and buried charcoal horizons at
(=10 (g1 g T o] 1 o PR 108

March 1959 photograph of the Organ Ill channel fill ...............c.c....... 109

Figure 111}—The Typic Torrifluvent, Anthony, and charcoal horizon 3, dated
at 1,130 £ 90 YeArS BP ... 110

1965 photograph of the Typic Torrifluvent, Anthony, loamy-skeletal
analog 65-2, and charcoal horizon 7, dated at 2,220 + 95 years BP ................... 111

Figure 113}—A closer view of the Typic Torrifluvent, Anthony, loamy-skeletal
analog 65-2, and charcoal hOriZON 7 ..o 111

October 1965 photograph of the Typic Torrifluvent, Anthony, and
charcoal horizon 5, dated at 4,700 + 120 years BP ..........ccoocciiiiiiiiiine e, 112

A closer view of charcoal hOriZON 5 .....o...eeeeeeeeeeeeeeeeeeeeeeeeeeee e 112
Figure 116}—An even closer view of charcoal horizoN'5 ....c..eevveeeveeeeeeeeeeeeeeeeee, 113

September 1965 photograph of the Typic Torrifluvent, Anthony,
and charcoal horizon 6, dated at 4,570 + 120 years BP ..........cccccovviiiieeiiiiinnen, 114

A closer view of the Typic Torrifluvent, Anthony, and charcoal
NOFIZON B ... et 114

Figure 119} —January 1969 photograph of charcoal horizon 8 and the Typic
Torrifluvent, ANTNONY ... 115

A closer view of the Anthony soil and charcoal horizon 8, dated at
6,400 £ 110 YEAIS BP .. 115

Figure 121}—October 1971 photograph of metate found in the same layer as
the charcoal dated at 6,400 = 110 YEAIS ...ccviiiiiiieieeie i 116

Figure 122}—Closeup view of the metate shown in figure 121 ...........ccocceverrnenne. 116
1936 aerial photograph locating the Isaacks’ radiocarbon site............ 117

Soil map locating the two charcoal horizons dated at the Isaacks’
radioCaMDON SITE ..o 118

Cross section of part of figure 124 ...........ccoeoveveieiiiiieeee e 118

April 1967 photograph of charcoal horizon 1, dated at 4,035
F TTI5YEAIS BP s 119

A closer view of charcoal NOMZON 1 .......eeeeeeeeeeeeeee e 119

Xiii



Xiv

October 1967 photograph of the Typic Haplocambid, Pajarito

67-3, and charcoal horizon 2, dated at 4,200 + 105 years BP ...........cccccee.
Figure 129]—A closer view of charcoal horizon 2 ............ccccceeveveveeeeereerennn.
Figure 130]—Thin section of the Bt horizon in Pajarito 67-3 ...........ccccccco..n......
Figure 131]—Thin section of the Ck horizon in Pajarito 67-3 .............ccccceuen....

Figure 132/—July 1988 photograph of the Typic Calciargid, Yucca 88-2, near

the Isaacks’ radioCarbon SIte ..........ooiveiiie e
Thin section of the Bt horizon in YUcca 88-2 ......ovvvvevveeeeeiieieeainnn..
Thin section of the Btk horizon in Yucca 88-2 ......oocovvevveeeeeieninnn..

Location of the Shalam Colony radiocarbon site along the Rio

Grande Valley DOFAET .........uiiiiiiiieiie et
Soil map of the Shalam Colony radiocarbon site and vicinity .......

igure 1371—Cross section of soils, surfaces, and sediments from | to Il in

FIQUIE 136 e

Figure 138/—March 1959 photograph of the Typic Torrifluvent, Anthony, at the
Shalam Colony radiocarbon site and the upper charcoal horizon, dated at

2,850 £ 120 YEArS BP ..o

A closer view of the Typic Torrifluvent, Anthony, and the upper

(o] g P=Toto = | I o) (o) o [T

1958 aerial view of the Fillmore Arroyo radiocarbon site, the

valley border, the piedmont slope, and the Organ Mountains ........................

November 1958 photograph of the landscape at the Fillmore

Arroyo radioCarDON SItE ........coiiuuiiiiiiiiiii e

The Typic Torripsamment, Bluepoint 59-17, at the Fillmore Arroyo

[Eo Lo [ToTor=Tq oTo) g TE=1 1 (<

Figure 143}—Charcoal-stained rock fragments revealed after the soil at the

Fillmore Arroyo radiocarbon site Slumped ...........cccceeiiiiiiieeeeinieee e,

Thin section of the B horizon in University 59-10 .............cccc.......

February 1980 photograph of the Ustic Haplocalcid, Reagan

60-14, and the associated distinctive scarp terrain...........ccccvvveeeiiiiiiieecenns

March 1959 photograph of the Ustic Haplocalcid, Reagan 60-14
Figure 147 —Thin section of the Bk horizon in the Ustic Haplocalcid, Reagan

60-14, in Organ alluvium of Holocene age .........cccceeiieeeiiiiiiiiiiee e

Figure 148/—Thin section of buried argillic horizon in Jornada Il alluvium of

[ate PleiStOCENE @JE ....oii i

Landscape of the Typic Torripsamment, Bluepoint, on the lower

LA IMESA SUITACE ...ttt e e e et e e e e e e e e et e s anaaeaes

Profile of the Typic Torripsamment, Bluepoint .............cccoeeeeenennee.



Maps

Twenty-eight detailed soil maps (described on page 141) ........cccceeuveee. at back of book
Fourteen color maps (listed on page 3) .......ccccevveeeeiiinenens on CD and at back of book
] Topography, soil parent materials, and general climatic zones
B] The Jornada and Mesilla Basins
B] The soil chronology
k] cCarbonate stage
E] The mollic epipedon and its analog
Bl The argillic horizon
7] The argillic horizon and dominant carbonate stage
B] General soil map
B] Soil-geomorphic reconstruction: The soil chronology at the end of
the last Pleistocene full-glacial, 17,000 years ago
I@ Soil-geomorphic reconstruction: The argillic horizon at the end of the

last Pleistocene full-glacial, 17,000 years ago

Soil-geomorphic reconstruction: The stages of carbonate
accumulation at the end of the last Pleistocene full-glacial, 17,000
years ago

Constructional surfaces vs. structural benches

The Jornada | surface, deposits of the ancestral Rio Grande, and
intervening buried soils south of Highway 70

Coppice dunes

Seven large color sheet illustrations (described on pages 2 and 3) ................... on CD
ff] Physiographic, climatic, and pedogenic setting of the Desert Project

Chronology of the Desert Project and vicinity

lllustrative morphological features

Some effects of human activities on eolian erosion and deposition

Soil-geomorphic reconstruction: Soil features 17,000 years ago

Soil-geomorphic reconstruction: The Jornada | surface

Bl
Bl
Bl
Bl
3
£l

The detailed soil map at reduced scale (A printed copy of this sheet
is included with the 28 soil maps at the back of the book.)

XV



XVi

Index to Thin Section Features

Acicular carbonate (calcified fungal filaments) and obliteration of parts of argillans,
page

Argillans in a bedrock fracture, page [{0§

Argillans on a ped face and in a pore, page

Argillans on sand grains, pages 2] 56] 69] [70] B8][i00)f02] i21] 23]
fi24] and

Clay formation by weathering, page [{0§

Dissolution of primary grains and replacement by carbonate, pages and
Effects of parent material carbonate on formation of argillans, pages {5 and

Effects of pedogenic and parent material carbonate on formation and obliteration of
argillans, page

Grain calcitans, page

Obliteration of oriented clay by carbonate, pages [70] and
Opal miniscus bridges, page F4

Oriented clay striae within peds, page

Silica nodule and crystals, page p3



Foreword

Volume Il of the Supplement to the Desert Project Soil Monograph is the third in a
number of volumes about soils and landscapes in the Desert Project area. Volume 1|
consists of two chapters. The first is an update of the Desert Project soil survey, along
with many illustrations of its features. Because of the high significance of carbon in
studies of global change, particular attention is paid to composition of the map units
with respect to both organic and carbonate carbon. This information has been used in
the on areal evaluation of organic and carbonate carbon.

Recent advances in color technology and computer-generated maps have been
used in sections involving both general and detailed soil maps, maps of morphological
and physiographic features, and maps illustrating soil-geomorphic reconstruction. In
addition, color photography has been used to illustrate the effects of increasing
precipitation from the arid to the semiarid zone; the effects of moisture differences
resulting from surface and subsurface concentrations of moisture; sites dated by
radiocarbon ages of buried charcoal; other features of the semiarid zone; and soils of
Holocene scarps in high-carbonate parent materials. Land survey notes, grazing
records, aerial photographs, and present conditions indicate extensive dune formation
and dramatic changes in vegetation from about 1885 to 1936. Repeat photography
documents major vegetation changes in the last 20 to 80 years.

L.H. Gile, R.J. Ahrens, and S.P. Anderson, Editors
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Figure 1.—Location of the Desert Project in Dona Ana County, southern New Mexico.



Chapter 1: New Maps, Photography, and Data’

Introduction

The Desert Soil-Geomorphology Project (informally
termed the Desert Project) is a study of soil and
landscape evolution carried out by Soil Survey
Investigations, USDA-SCS, from 1957 to 1972
(Hawley, 1975). Figures i and B show the location of
the project area, figure [§ shows the major landforms,
and color map [i] at the back of this publication, shows

the topography, the parent material of the soils, and
the general climatic zones.

Studies of soils and soil-geomorphic relationships
were presented in The Desert Project Soil Monograph
(Gile and Grossman, 1979). Additional soil-
geomorphic work done in the Desert Project area is
presented as supplements to the Desert Project soil
monograph and guidebook. A supplement to the
guidebook has been prepared (Gile et al., 1995b). For
the soil monograph, the supplementary work is
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Figure 2.—Location of the Desert Project in the Basin and Range
country of southern New Mexico.

"By L.H. Gile, Soil Scientist (retired), USDA, NRCS, Las Cruces, NM; R.B. Grossman, Research Soil Scientist, USDA, NRCS, Lincoln, NE;
and R.J. Ahrens, Director, National Soil Survey Center, Lincoln, NE.
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presented as a series of volumes. Volume | (Herbel Sheet "IUStrationS

et al., 1994) details soil water and soils at soil water
sites in the Jornada Experimental Range. Volume |l
presents ancient soils of the Rincon surface (Gile

et al., 1996) and clay mineralogy at the Desert
Project and Rincon surface study areas (Monger
and Lynn, 1996). The present volume (volume IlI)
updates the Desert Project soil survey, presents new
maps of soils and soil features, and includes a
chapter on areal distribution of carbon. This work was
carried out in cooperation with the Global Change
Program (Grossman et al., 1995). Details of climate,

Sheet illustrations, mostly about 32 x 42 inches in
size, are on a CD that accompanies this publication.
There is some repetition of text material in the sheets
because the sheets are intended to be used
independently of the text as well as with it. The sheet
illustrations are suitable for use in orientation sessions
in the field, in the classroom, for wall displays, and as
posters for meetings. The titles of the sheets are listed
below along with the titles of individual sections:

fauna, flora, and history in the Desert Project area are ff] Physiographic, climatic, and pedogenic setting of
in The Desert Project Soil Monograph (Gile and the Desert Project

Grossman, 1979). Thin sections are from Gile et al. a. Location of the Desert Project

(1995b). b. Physiography

Figure 3.—Some of the major landforms at the Desert Project. The flood plain along the Rio Grande is about 8 kilometers wide at
the cross section.
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c. Topography, soil parent materials, and
general climatic zones
d. General soil map
P] Chronology of the Desert Project and vicinity
a. The soil chronology
b. The Jornada and Mesilla Basins, chronology
of La Mesa surfaces, and time of
entrenchment of the Rio Grande Valley
B] lllustrative morphological features
a. The argillic horizon
b. The mollic epipedon and its analog
c. Stages of carbonate accumulation
d. Stage of carbonate accumulation
associated with the argillic horizon
K] Some effects of human activities on eolian erosion
and deposition: Historical coppice dunes
a. Map of historical coppice dunes
b. Historical record
c. 1993 photograph
d. 1936 aerial photograph
E] Soil-geomorphic reconstruction: The soil
chronology, argillic horizon, and stages of
carbonate accumulation at the end of the last
Pleistocene full-glacial, 17,000 years ago
a. The soil chronology, 17,000 years ago
b. The argillic horizon, 17,000 years ago
c. Stages of carbonate accumulation, 17,000
years ago
B] Soil-geomorphic reconstruction: The Jornada |
surface (estimated age: 250,000 to 400,000
years), deposits of the ancestral Rio Grande, and
intervening buried soils south of Highway 70
a. Cross sections from stable Jornada | to an
estimated Jornada | flood plain
b. Position of Jornada | in the stepped
sequence of geomorphic surfaces along the
valley border
c. Structural benches and exhumed deposits of
the ancestral Rio Grande
d. Formation of a structural bench
[f] The detailed soil map at reduced scale (A printed
copy of this sheet is at the back of this book.)

Fourteen color maps 11 x 17 inches in size are
smaller scale editions of the first six of the large
sheets on the CD. These 14 maps, along with sheet 7
and 28 detailed soil maps, are at the back of this
publication. The numbers and titles of the 14 color
maps are as follows:

Topography, soil parent materials, and general
climatic zones

The Jornada and Mesilla Basins

The soil chronology

Carbonate stage

The mollic epipedon and its analog

PESrS]

The argillic horizon

The argillic horizon and dominant carbonate stage
General soil map

Soil-geomorphic reconstruction: The soil
chronology at the end of the last Pleistocene full-
glacial, 17,000 years ago

Soil-geomorphic reconstruction: The argillic
horizon at the end of the last Pleistocene full-
glacial, 17,000 years ago

Soil-geomorphic reconstruction: The stages of
carbonate accumulation at the end of the last
Pleistocene full-glacial, 17,000 years ago
Constructional surfaces vs. structural benches
The Jornada | surface, deposits of the ancestral
Rio Grande, and intervening buried soils south of
Highway 70

Coppice dunes
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Pedogenic and Geomorphic
Setting

The amount of carbon in the terrestrial biosphere is
a major factor in considering global climatic change
(Grossman et al., 1995). The Desert Project can
contribute to this work because it covers a large (400
square miles) arid and semiarid region in which
detailed field and laboratory studies involving both
organic and carbonate carbon have been conducted.
Fieldwork included mapping the soils at a scale of
1:15,840, as well as selected areas at a scale of
1:7,920 (Gile and Grossman, 1979; Gile et al., 1981,
1995b). Pedons in the Desert Project and nearby
areas have been analyzed by the National Soil Survey
Laboratory (NSSL) and others (table [L] Appendix).

An important aspect of increasing usefulness of the
laboratory analyses to both soil-geomorphic research
and the Global Change Program would be to find ways
of extrapolating organic and carbonate carbon data
from the analyzed pedons to the Desert Project as a
whole. Many different soils occur in the Desert Project
because of wide differences in soil age, parent
materials, climate, topography, microrelief, and biotic
activity. Although laboratory analyses are not available
for most soils, close soil-geomorphic control places all
soils in a chronological framework for the area, as is
discussed later. Because accumulation of inorganic
carbon in the form of carbonate is an age-related
property of soils, this chronological framework and
carbonate morphology, along with other morphological
properties, such as soil texture, can be used in
selecting an analyzed pedon or pedons that would be
suitable as substitutes when data on a given soil are
not available. Organic carbon is not well related to soil



age but is closely related to clay content, vegetation,
landscape position, microrelief, gravel content, and
climate (arid vs. semiarid). These factors were
considered in selecting analyzed pedons to use as
substitutes for soils with no organic carbon data.

For the foregoing reasons, the estimated
percentages of soils in map units of the Desert Project
soil survey are very important figures in extrapolating
data from the analyzed pedons to the project as a
whole. To increase the precision of both the soil map
and extrapolations from it, the composition and
boundaries of the map units were reexamined and
new map units were added. The mapping was then
transferred from the 1936 and 1942 photography used
in the original maps to 1984 aerial photography (with a
more accurate scale) used in this publication. A
preliminary extrapolation of carbon data (Grossman et
al., 1995) was prepared using the old soil maps and
information available at the time the paper was written.
The report by Grossman et al. (chapter f of this
volume) utilizes the new maps and additional
information now available.

In the tables showing map unit composition and
carbon source, the latter is indicated primarily by
pedon numbers of soils sampled by the National Soil
Survey Laboratory (Appendix). Carbon data from a
smaller number of other pedons were derived from
sources indicated in table [ and in the Appendix.

Horizon designations follow the Soil Survey Division
Staff (1993), except for the K horizon nomenclature
(Gile et al., 1965) and the designations for buried soils,
which are placed at the end of the designation to
handle pedons with more than one buried soil. Use of
the K horizon has spread because, as noted by
Birkeland (1984), “Most pedologists and geologists
working in arid lands find it a very useful term.”

The stages of carbonate accumulation (table B)
follow Gile et al. (1966) and Birkeland et al. (1991). The
stage nomenclature that we developed for the
morphogenetic evolution of carbonate horizons (Gile
et al., 1966) has also been followed in genetic models
for the formation of silcrete and ferricrete, as well as
for carbonate horizons (Goudie, 1973, p. 9, 10). Color
map El shows the topography, parent materials, and
general climatic zones of the Desert Project, which
occurs partly in the Jornada Basin and partly in the
Mesilla Basin (fig. B and color map )]

Geomorphic surfaces (table f and color map B] are
useful in studies of soils because they provide a
chronological framework and a common thread that
makes the soil patterns easier to understand. Most
geomorphic surfaces in the study area are extensive,
and their surficial sediments, in which the soils have
formed, can range widely in mineralogy, texture, and
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climatic occurrence. Many kinds of soil can therefore
occur on a single geomorphic surface. However, a
common feature of the various soils on a given surface
is the degree of soil development, taking into account
the effects of changes in parent materials and climate.
Thus, soil morphology can provide important evidence
for the identification of geomorphic surfaces,
especially where deposits of widely variable ages
occur at the same elevation. In such cases soil
morphology offers the major evidence for identification
of geomorphic surfaces (Gile, 1977).

Because soils of different geomorphic surfaces also
differ, often profoundly, boundaries between
geomorphic surfaces also approximate boundaries
between soils. For example, boundaries between
assembled soils of the Organ surface (color map
are also approximate boundaries between the Organ
and pre-Organ surfaces.

Table B shows the relationships between soils of the
geomorphic surfaces, stages of carbonate
accumulation, and totals of pedogenic carbonate. The
surfaces occur on all parts of the landscape—alluvial
fans, coalescent fan piedmonts, basin floors, terraces,
ridges, and arroyo channels. The terminology of
Hawley and Kottlowski (1969) has been followed in
designating materials associated with the surface by
the geomorphic surface name (e.g., Fillmore alluvium).

The stages of carbonate accumulation (color map
i) are valuable chronological and stratigraphic
markers for the soils and deposits. Table B
summarizes the stages for soils on the valley border,
piedmont slope, and basin floor north of Highway 70.

The La Mesa geomorphic surface of Ruhe (1967) is
now known to consist of relict basin-floor surfaces of
at least three ages (Gile, 2002). Magnetostratigraphy
at the upper La Mesa (the oldest of the three; fig.
indicates that the soils there are about 2 to 2'/> million
years old (Mack et al., 1993). Magnetostratigraphy for
an area of the lower La Mesa (the youngest of the
three) at the Desert Project has been identified as
Matuyama (Mack et al., 1998). South of the Desert
Project (near La Union; color map B] another area of
the lower La Mesa has been identified as Brunhes
(Vanderhill, 1986). The true age of the lower La Mesa
could be close to 780,000 years, the boundary
between Brunhes and Matuyama. This age also
agrees with the approximate time of valley
entrenchment at Rincon Arroyo (Mack et al., 1998).
This evidence suggests that soil development began
in the abandoned lower La Mesa flood plain about
780,000 years ago.

Because of valley downcutting and the narrow width
between the Dona Ana and Robledo Mountains, no
remnant of the La Mesa surface has been preserved
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there. Thus, the upper and lower La Mesa surfaces 2002). Thus, La Mesa in the Jornada Basin is

cannot be directly traced to the Jornada Basin, and intermediate in age between the upper and lower La
their ages relative to La Mesa in the Jornada Basin Mesa at the Desert Project. To distinguish La Mesa in
cannot be demonstrated. However, a combination of the Jornada Basin from the other two, it is termed JER
paleomagnetism, dated pumice, carbonate La Mesa, because so much of the Jornada
morphology, and totals of pedogenic carbonate Experimental Range is on it. JER La Mesa also occurs
indicate that La Mesa in the Jornada Basin ranges near Goat Mountain on the east side of the valley (fig.
from about 780,000 to 2,000,000 years old (Gile, B and color map p)]

Table 1. —Soil classification and location of laboratory data and pedon descriptions '

Source and page number 2 Source and page number 2
Classification Pedon Labor- Pedon Classification Pedon Labor- Pedon
desig- atory descrip- desig- atory descrip-
nation data tion nation data tion
ARIDISOLS
ARGIDS fine-loamy
CALCIARGIDS Hap, Ustic
Typic Calciargids analog
loamy-skeletal Headquarters 60-18 832 833°
Pinaleno 59-15 788 789 576
67-5 924 925 McAllister
coarse-loamy fine
Yucca 66-1 884 8856 Stellar 61-3 848 849¢
88-2 74,75% 734 90-8 419, 420 421
90-1 57° 55, 56° 60-21 838 839
90-100 ® ® Vertic Calciargids
90-101 ® ® fine
99-1 ® Joveatch 969°¢
Yucca, deep argillic PALEARGIDS
y ana|0d9 94-4 © © Arenic Paleargids
ucca, ceep fine-loamy
analog 95-2 @ ® SND-3 95-1 ® ®
Yucca, calcareous HAPLARGIDS
analog 95-3 @ @ Typic Haplargids
fine loamy-skeletal
Continental 67-6 926 927 Soledad 66-16 914 9156
T-2100 ® 67-4 922 923
T-2200 ® sandy
fine-loamy Sonita, sandy
Berino 59-6 770 771 analog 94-3 ®) ®)
59-8 774 775 coarse-loamy
60-7 808 809 Sonoita 60-8 812 813
60-13 822 823 72-3 966 967
68-2 930 931 92-3 ®) ®)
68-9 944 945 90-6 2178 215, 216°
70-7 956 957 Onite 62-3 868 869
68-8 66, 67 64, 65* 70-5 952 953
Dona Ana 60-6 806 807¢ 70-6 954 955
61-4 850 851 61-5 852 853
65-5 878 879 61-9 862 863
68-6 938 939 T-1100 ®) ®)
T-2307 @ T-1200 ®) ®)
T-2411 ® T-1303 ®) ®)
96-2 © © Onite, thin
Hap solum analog 68-5 936 937
Tres Hermanos 96-1 ® ® sandy
Ustic Calciargids Onite, sandy
loamy-skeletal o analog 59-5 768 769
Nolam 68-3 932 933

See footnotes at end of table.
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Source and page number 2

Source and page number 2

Classification Pedon Labor- Pedon Classification Pedon Labor- Pedon
desig- atory descrip- desig- atory descrip-
nation data tion nation data tion

ARIDISOLS—continued
fine-loamy loamy-skeletal
Bucklebar 59-7 722 7738 Nickel 59-13 784 785
60-22 840 841 329
66-8 898 899 loamy-skeletal,
66-14 910 911 carbonatic
68-4 934 935 Weiser 300
88-1 70, 71*  69* Weiser,
fine discontinuously
Bucklebar, clayey cemented analog
subsoil analog sandy-skeletal
Ustic Haplargids Caliza 294, 398°
loamy-skeletal sandy
Monza 66-9 900 901° Rilloso 60-11 818 819¢
66-10 902 903 90-10 ® ®
70-1 948 949 coarse-loamy
Caralampi 59-14 786 787 Algerita 61-2 846 847°
60-23 842 843 Algerita, discontinuously
60-9 814 815 cemented
Holliday OMF-1 ® ® analog 61-1 844 845
OMF-6 ® SND-2 59-9 776 777
clayey-skeletal SND-1 59-12 782 783
Eloma Whitlock 60-2 796 797
Eloma, clayey Wink, deep gypsum
substratum analog phase 90-4 246¥ 244, 245°
sandy fine-loamy,
Summerford, sandy carbonatic
analog Jal 65-6 880 881
coarse-loamy Jal, discontinuously
Summerford KL-82-1 ©® ® cemented analog
fine-loamy fine-loamy
Bucklebar, Ustic Turney
analog 66-15 912 913 taxadjunct 90-7 2723 270, 2713
fine fine-silty
Eloma, fine analog Reakor
Headquarters, fine Ustic Haplocalcids
analog 69-8 946 947 loamy-skeletal
Lithic Ustic Haplargids Polar
loamy-skeletal coarse-loamy
Lemitar, Whitlock, Ustic
noncalcareous analog
analog fine-loamy
PETROARGIDS Chispa 66-7 896 897
Typic Petroargids fine-silty
coarse-loamy Reagan 60-14 824 825
Rotura 61-8 860 861°¢ 60-17 830 831
72-1 962 963 65-1 870 871
72-2 964 965 66-6 894 895
HCM 334 68-7 940 941
fine-loamy 91-10 ® ®
Rotura, fine-loamy 92-5 ® ®
analog 65-7 882 883 972
Ustic Petroargids PETROCALCIDS
loamy-skeletal Argic Petrocalcids
Terino, deep analog loamy-skeletal,
CALCIDS shallow
HAPLOCALCIDS Casito 60-1 794 795°¢
Typic Haplocalcids 609

See footnotes at end of table.
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Table 1. —Soil classification and location of laboratory data and pedon descriptions—continued '

Source and page number 2

Source and page n

Classification Pedon Labor- Pedon
desig- atory descrip-
nation data tion
ARIDISOLS—continued ARIDISOLS—continued
Hachita 59-16 790 7918 loamy, shallow
70-8 958 959 Simona 59-11 780 781
loamy-skeletal 60-10 816 817
Hachita, moderately 60-20 836 837
deep analog coarse-loamy
loamy-shallow Harrisburg
Cruces 61-7 856 857° sandy, shallow
66-12 906 907 Tonuco
94-1 ® ® Ustic Petrocalcids
coarse-loamy loamy-skeletal,
Hueco 90-2 87 85, 86° shallow
90-3 1178 115, 1168 Monterosa ®)
90-5 168° 166, 167° loamy-skeletal
95-4 ® ® Monterosa, mod.
fine-loamy deep analog
Cacique ® loamy, shallow
fine Conger
Cacique, fine analog CAMBIDS
Calcic Petrocalcids HAPLOCAMBIDS
loamy-skeletal Typic Haplocambids
carbonatic, shallow loamy-skeletal
Tencee 62-1 866 867° Vado 60-4 800 8016
. 399 sandy-skeletal
loamy, carbonatic, Tugas )
shallow coarse-loamy
Upton _ 66-5 892 893 Pajarito 67-3 920 921
Ustalfic Petrocalcids Agustin
loamy-skeletal, fine-loamy
shallow . Adelino 390
Terino @ Ustic Haplocambids
loamy-skeletal loamy-skeletal
Terino, mod. deep analog Gallegos
clayey-skeletal coarse-loamy
Hayner 60-5 802 803°¢ Ima
clayey-skeletal,
shallow ENTISOLS
Terino, clayey- FLUVENTS
skeletal analog TORRIFLUVENTS
clayey, shallow. Ustic Torrifluvents
Terino, clayey analog sandy-skeletal
fine Minneosa, sandy-
Hayner, fine analog skeletal analog
fine-loamy fine-silty (calcareous)
Cacique, Ustalfic Crowflats
analog Typic Torrifluvents
coarse-loamy loamy-skeletal
Hueco, Ustalfic (calcareous)
analog Anthony, loamy-
Typic Petrocalcids skeletal analog 65-2 872 873
Simona, eroded sandy
loamy-skeletal, Vinton 59-4 766 767
shallow 67-1 916 917
Delnorte 61-10 864 865 coarse-loamy
66-2 886 887 (calcareous)
67-2 919 Anthony 65-3 874 875
317, 600 65-4 876 877
96-3 ® ®) Gila

See footnotes at end of table.
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Table 1. —Soil classification and location of laboratory data and pedon descriptions—continued '

Source and page number 2 Source and page number 2
Classification Pedon Labor- Pedon Classification Pedon Labor- Pedon
desig- atory descrip- desig- atory descrip-
nation data tion nation data tion
MOLLISOLS—continued MOLLISOLS—continued
loamy-skeletal coarse-loamy
Santo Tomas, cumulic analog Aladdin ®
Pachic Haplustolls
loamy-skeletal PALEUSTOLLS
Santo Tomas 60-12 820 821° Petrocalcic Paleustolls
Santo Tomas, clayey-skeletal
calcareous analog Hayner, mollic analog
coarse-loamy Terino, mollic, mod.
Aladdin, calcareous deep analog 629
analog 60-19 834 835 loamy-skeletal,
Torriorthentic shallow
Haplustolls Mierhill
sandy-skeletal
Baylor OMF-1 ® ®) VERTISOLS
OMF-6 ® TORRERTS
Baylor, calcareous HAPLOTORRERTS
analog Chromic Haplotorrerts
sandy very-fine
Hawkeye 59-2 762 763° Dalby
Aridic Haplustolls taxadjunct 60-16 828 829

' Classification according to the Soil Survey Staff (1999). All series are established. All soils are thermic and have mixed mineralogy
unless otherwise stated. All soils with mixed mineralogy are superactive, except for those that are sandy or sandy-skeletal. See table [ for
alphabetical listing of soil series, analogs, phases, and taxadjuncts. Some soils near the Desert Project and in the Jornada Experimental
Range and along the Organ Mountains fault are included. Numbers that follow the soil names are abbreviations of numbers of the National
Soil Survey Laboratory. In these abbreviations the first number indicates the year of sampling (e.g., pedon 65-2 was sampled in 1965). The
prefix OMF designates pedons sampled in the Organ Mountains fault study (Gile, 1994a; e.g., OMF-33). The prefix T designates pedons
sampled by Tatarko (1980; e.g., T-2100). The designation KL-82-1 identifies a pedon sampled by Lajtha (personal communication, Kate
Lajtha, 1986). The designation HCM identifies a pedon sampled by Monger (Monger et al., 1991). SND means that the series is not
designated.

234,56 Pgage numbers without footnotes are in Gile and Grossman, 1979; with footnote 3, in Herbel et al., 1994; footnote 4, in Gile et al.,
1995b; and footnote 5, in the Appendix of this volume. Footnote 6 indicates that a current series description in or near the Desert Project is
available for the series.
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Table 2.—Geomorphic surfaces, stages of carbonate accumulation, and totals of pedogenic carbonate in soils of the valley border,
piedmont slope, and basin floor north of Highway 70

Geomorphic surface and carbonate accumulation (kg/m?)

Carbonate stage Estimated soil age

Valley border Piedmont slope Basin floor Nongravelly Gravelly (years BP or epoch)
materials materials
Coppice dunes Coppice dunes Whitebottom Historical (since 1850 A.D.)
Lake Tank Present to 150,000
Fillmore (5) Organ (8-20) o, | | Middle and late Holocene
100 to 7,000
1l | | 100(?) to 1,000
1 | | 1,100 to 2,100
| | | 2,200 to 7,000
Leasburg Isaacks’ Ranch I 11, 1 Latest Pleistocene

(23-186)

(22-108)

(10,000-15,000)

Late Picacho (111) Late Jornada I 1] 1 Late Pleistocene
(15,000-75,000)

Picacho (220) Jornada Il (213-300) Petts Tank I 1, v Late to middle Pleistocene
(75,000-150,000)
Tortugas 1 v Late middle Pleistocene
(150,000-250,000)
Jornada | Jornada | Jornada | 1 \% Middle Pleistocene
(751, 834)  (795-1080) (250,000-400,000)
Dona Ana \% >400,000
Buried surfaces
and soils 400,000-780,000
Lower La Mesa I, 1v Middle to early Pleistocene
(992, 1168) (780,000)
JER La Mesa v, v Early Pleistocene to late
(1861, 2296) Pliocene (780,000-
2,000,000)
Upper La Mesa \% Late Pliocene

(2,000,000-2,500,000)

TGeomorphic surfaces after Ruhe (1967), Gile et al. (1981, 1995b), and Gile (2002). Materials genetically related to constructional
phases of a geomorphic surface are designated by the geomorphic surface name (e.g., Fillmore alluvium; Hawley and Kottlowski,1969).
Lower and upper La Mesa and JER La Mesa are not formally considered a part of the valley border but are included here because they form
part of a stepped sequence with the valley border surfaces. The late phases of Jornada Il and Picacho are relatively minor in extent and
have not been separately mapped. They are included here because they occupy a highly significant part of the soil chronology. Coppice
dunes have not been formally designated a geomorphic surface but are considered separately here because of their extent and significance
to soils of the area. Buried surfaces and soils refer to surfaces and soils that are stratigraphically between the Jornada | soil and alluvium of
the ancestral Rio Grande, north and south of Tortugas Mountain. Number after the surface names are single values or ranges of values of
totals of pedogenic carbonate (in kg/m?) in soils of the indicated geomorphic surfaces, from Gile et al. (1981), Monger et al. (1991), and Gile
(1993, 1994, 1995, and 2002). The true value for pedogenic carbonate in the late Picacho pedon would be greater than 111 kg/m?, because
the pedon is on a ridge crest that has undergone some erosion (see Gile and Grossman, 1979, p. 331-338 for discussion). Values for JER
La Mesa are from soils north of the Desert Project, in the Jornada Experimental Range. Carbonate stages after Gile et al. (1966) and
Birkeland et al. (1991). Morphologies are best expressed where “nongravelly” soils contain less than about 20 percent, by volume, gravel,
and “gravelly” soils contain more than about 60 percent. Soils that have between 20 percent and 60 percent gravel have intermediate
morphologies. Soils of the Picacho and lower La Mesa surfaces illustrate initial development of the stage IV plugged and laminar horizons in
gravelly and nongravelly materials respectively.
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Soil Taxonomy

The 1994 Classification System for
Aridisols

Major changes were made in the classification of
Aridisols in 1994 (Soil Survey Staff, 1999). The
Aridisols now have seven suborders—Cryids, Salids,
Durids, Gypsids, Argids, Calcids, and Cambids,
instead of two (Orthids and Argids). Of the seven new
suborders, three (Argids, Calcids, and Cambids) occur
in the Desert Project. The main changes involve the
suborder, great group, and subgroup. Table [i] gives the
classification of Desert Project soils according to the
1994 system and identifies soils sampled by the
National Soil Survey Laboratory since the Desert
Project began in 1957. Table [ lists the soils in
alphabetical order.

Diagnostic Horizons

Diagnostic horizons in the study area are the ochric
and mollic epipedons and the argillic, cambic, calcic,
and petrocalcic horizons, all of which are illustrated in
the later section on color photography. Color maps ]
] and f show the generalized occurrence of the mollic
epipedon and its analog, the argillic horizon, and the
stages of carbonate accumulation. The stages of
carbonate accumulation are important pedogenic
markers in the soils and can be related to the
diagnostic calcic and petrocalcic horizons. In low-
carbonate parent materials, all stage Il horizons and
late stage Il horizons qualify as calcic horizons. In
high-carbonate parent materials, most stage | horizons
qualify as calcic horizons because their parent
materials already contained 15 percent or more of
CaCQO, equivalent, one of the requirements of the
calcic horizon in fine-loamy or finer materials. Stage 1V,
V, and plugged stage Il horizons all qualify as
petrocalcic horizons.

The mollic epipedon and the Mollisols occur only in
the semiarid zone (color map B)] Analogs of the mollic
epipedon, however, do occur in the arid zone. The
analog of a mollic epipedon, as used here, is an
epipedon that meets the organic carbon and thickness
requirements of a mollic epipedon, but not the color
requirements. Color map [ shows the occurrence of
the mollic epipedon and its analog in the study area.
Because of run-in and finer texture, some Aridisols on
the basin floors and on the lower piedmont slopes in
the arid zone have more organic carbon than some of
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the Mollisols in the semiarid zone along the mountain
fronts. For example, pedon 60-12, a Pachic Haplustoll
(elevation 5,700 feet, in the semiarid zone) has 4.6
kg/m2 organic carbon to a depth of 104 cm; the
dominant texture in the 0-124 cm zone is very gravelly
sandy loam. In contrast, pedon 60-21, an Ustic
Calciargid (elevation 4,300 feet, on the basin floor of
the arid zone) has 6.0 kg/m?2 organic carbon to a depth
of 99 cm; clay is the dominant texture in the 0-99 cm
zone.

Soil age, carbonate content of the parent materials,
landscape stability, biotic activity, and carbonate
accumulations are important factors affecting the
argillic horizon (see Gile, 1975a and 1975b, for a
detailed discussion of the occurrence of the argillic
horizon). Some soils are so young that an argillic
horizon has not had time to form (e.g., the soils of
coppice dunes and the youngest soils of the Fillmore
and Organ surfaces). Color maps [ and [ show
occurrence of the argillic horizon and of the argillic
horizon and dominant carbonate stage, respectively.

The argillic horizon has not developed in parent
materials with abundant fragments of high-carbonate
rocks, such as limestone. It has not developed even in
soils of Pleistocene age that must have formed in part
during times of greater effective moisture, as shown by
soils of that age downslope from the Robledo
Mountains (color map [B)] An argillic horizon can form
in Pleistocene (but not Holocene) soils that formed in
parent materials with only moderate amounts of
carbonate, as shown by soils downslope from the San
Andres Mountains (color map )]

After an argillic horizon has formed, it can be
obliterated by erosion, biotic activity, and carbonate
engulfment, as is shown by the sparsity or absence of
the argillic horizon in the dissected terrain bordering
the Rio Grande Valley (color map [)] where the parent
materials are low in carbonates.

Typic vs. Ustic Aridisols

Ustic subgroups of Aridisols have more moisture
than the Typic subgroups; the moisture regime borders
ustic (Soil Survey Staff, 1994). No satisfactory
definition presently exists for a moisture regime
bordering ustic. However, changes in plants, general
soil moisture conditions, and elevation are now being
used to establish a boundary between the Ustic and
Typic subgroups (personal communication, 1992, Bob
Ahrens). In the Desert Project, markedly more
moisture occurs in two general situations. One is from
runoff, and the other occurs towards the mountains.
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Table 3.—Alphabetical list of soil series, analogs, and taxadjuncts

Series, analog,
or taxadjunct

Classification

Series, analog,
or taxadjunct

Classification

Adelino
Agustin
Aladdin

Aladdin, calcareous
analog

Aladdin, calcic analog
Algerita

Algerita, disc.
cemented analog

Amole

Anthony

Anthony, loamy-skeletal
analog

Arizo

Baylor

Baylor, calcareous
analog

Berino

Bluepoint

Bodecker

Bodecker, sandy
analog

Boracho

Boracho, carbonatic
analog

Bucklebar

Bucklebar, clayey
subsoil analog

Bucklebar, Ustic
analog

Cacique

Cacique, fine
analog

Cacique, Ustalfic
analog

Typic Haplocambids, fine-loamy
Typic Haplocambids, coarse-loamy
Typic Haplustolls, coarse-loamy

Pachic Haplustolls, coarse-loamy
(calcareous)

Aridic Calciustolls, coarse-loamy
Typic Haplocalcids, coarse-loamy

Typic Haplocalcids, coarse-loamy

Typic Torriorthents, sandy

Typic Torrifluvents, coarse-loamy
(calcareous)

Typic Torrifluvents, loamy-skeletal
(calcareous)

Typic Torriorthents, sandy-skeletal

Torriorthentic Haplustolls,
sandy-skeletal

Torriorthentic Haplustolls, sandy-
skeletal

Typic Calciargids, fine-loamy

Typic Torripsamments

Ustic Torriorthents, sandy-skeletal

Ustic Torriorthents, sandy

Petrocalcic Calciustolls, loamy-
skeletal, shallow

Petrocalcic Calciustolls, loamy-
skeletal, carbonatic, shallow

Typic Haplargids, fine-loamy

Typic Haplargids, fine

Ustic Haplargids, fine-loamy

Argic Petrocalcids, fine-loamy

Argic Petrocalcids, fine

Ustalfic Petrocalcids, fine-loamy

See footnote at end of table.

Caliza

Canutio

Caralampi

Casito

Chispa
Conger
Continental

Coyanosa

Crowflats

Cruces

Dalby taxadjunct

Dalian

Dalian, sandy-
skeletal analog

Delnorte

Dona Ana
Earp
Earp, fine analog

Earp, clayey-
skeletal analog

Earp, clayey-
skeletal, calcic analog

Eloma

Eloma, clayey
substratum analog

Eloma, fine analog

Gallegos

Gila

Glendale

Typic Haplocalcids, sandy-skeletal

Typic Torriorthents, loamy-skeletal
(calcareous)

Ustic Haplargids, loamy-skeletal

Argic Petrocalcids, loamy-skeletal,
shallow

Ustic Haplocalcids, fine-loamy
Ustic Petrocalcids, loamy, shallow
Typic Calciargids, fine

Lithic Ustic Torriorthents, loamy-
skeletal

Ustic Torrifluvents, fine-silty
(calcareous)

Argic Petrocalcids, loamy, shallow
Chromic Haplotorrerts, very-fine

Typic Torriorthents, loamy-skeletal,
carbonatic

Typic Torriorthents, sandy-skeletal,
carbonatic

Typic Petrocalcids, loamy-skeletal,
shallow

Typic Calciargids, fine-loamy
Aridic Argiustolls, loamy-skeletal
Aridic Argiustolls, fine

Aridic Argiustolls, clayey-skeletal

Aridic Argiustolls, clayey-skeletal

Ustic Haplargids, clayey-skeletal

Ustic Haplargids, clayey-skeletal

Ustic Haplargids, fine

Ustic Haplocambids, loamy-
skeletal

Typic Torrifluvents, coarse-loamy
(calcareous)

Typic Torrifluvents, fine-silty
(calcareous)
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Table 3.—Alphabetical list of soil series, analogs, and taxadjuncts—continued

Series, analog,
or taxadjunct

Classification

Series, analog,
or taxadjunct

Classification

Glendale, fine-loamy
analog

Hachita

Hachita, mod. deep
analog

Hap

Hap, Ustic analog
Harrisburg
Hathaway

Hathaway, sandy-
skeletal analog

Hawkeye
Hayner
Hayner, fine analog

Hayner, mollic analog

Headquarters

Headquarters, fine
analog

Herbel

Herbel, Ustic analog

Holliday

Hueco

Hueco, Ustalfic analog

Ima

Jal

Jal, disc. cemented
analog

Joveatch

Kimbrough

Kokan

Lacita, buried soil
analog

Typic Torrifluvents, fine-loamy
(calcareous)

Argic Petrocalcids, loamy-skeletal,
shallow

Argic Petrocalcids, loamy-skeletal

Typic Calciargids, fine-loamy
Ustic Calciargids, fine-loamy
Typic Petrocalcids, coarse-loamy
Aridic Calciustolls, loamy-skeletal

Aridic Calciustolls, sandy-skeletal

Torriorthentic Haplustolls, sandy
Ustalfic Petrocalcids, clayey-skeletal
Ustalfic Petrocalcids, fine

Petrocalcic Paleustolls, clayey-
skeletal

Ustic Calciargids, fine-loamy

Ustic Haplargids, fine

Typic Torriorthents, coarse-loamy
(calcareous)

Ustic Torriorthents, coarse-loamy
(calcareous)

Ustic Haplargids, loamy-skeletal
Argic Petrocalcids, coarse-loamy
Ustalfic Petrocalcids, coarse-loamy
Ustic Haplocambids, coarse-loamy

Typic Haplocalcids, fine-loamy,
carbonatic

Typic Haplocalcids, coarse-loamy,
carbonatic

Petrocalcic Calciustolls, loamy,
shallow

Typic Torriorthents, sandy-skeletal

Ustic Torriorthents, fine-silty,
(calcareous)

See footnote at end of table.

Lemitar, non-
calcareous analog

Limpia
McAllister

Mescal

Mierhill
Minneosa, sandy-
skeletal analog
Monterosa
Monterosa, mod.
deep analog
Monza

Nickel

Nolam

Nolam, mollic
analog

Onate
Onite
Onite, sandy analog

Onite, thin solum
analog

Pajarito
Pinaleno
Polar
Reagan
Reakor
Rilloso
Rotura

Rotura, fine-
loamy analog

Santo Tomas

Santo Tomas,
calcareous analog

Santo Tomas, cumulic
analog

Lithic Ustic Haplargids, loamy-
skeletal

Pachic Argiustolls, clayey-skeletal
Ustic Calciargids, fine-loamy

Typic Torriorthents, fine-loamy
(calcareous)

Petrocalcic Paleustolls, loamy-
skeletal, shallow

Ustic Torrifluvents, sandy-skeletal
Ustic Petrocalcids, loamy-skeletal
shallow

Ustic Petrocalcids, loamy-skeletal

Ustic Haplargids, loamy-skeletal
Typic Haplocalcids, loamy-skeletal
Ustic Calciargids, loamy-skeletal

Aridic Argiustolls, loamy-skeletal

Aridic Argiustolls, coarse-loamy
Typic Haplargids, coarse-loamy
Typic Haplargids, sandy

Typic Haplargids, coarse-loamy

Typic Haplocambids, coarse-loamy
Typic Calciargids, loamy-skeletal
Ustic Haplocalcids, loamy-skeletal
Ustic Haplocalcids, fine-silty

Typic Haplocalcids, fine-silty

Typic Haplocalcids, sandy

Typic Petroargids, coarse-loamy

Typic Petroargids, fine-loamy

Pachic Haplustolls, loamy-skeletal

Pachic Haplustolls, loamy-skeletal

Cumulic Haplustolls, loamy-skeletal
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Table 3.—Alphabetical list of soil series, analogs, and taxadjuncts—continued

Series, analog,
or taxadjunct

Classification

Series, analog,
or taxadjunct

Classification

Simona

Simona, eroded
SND-1

SND-2

SND-3

Soledad

Sonoita

Sonoita, sandy analog
Stellar

Summerford

Summerford, sandy
analog

Tencee

Terino

Terino, clayey analog

Terino, clayey-
skeletal analog

Terino, mod.
deep analog

Terino, mollic, mod.
deep analog

Terino, deep analog

Tome

Typic Petrocalcids, loamy, shallow

Typic Petrocalcids

Typic Haplocalcids, coarse-loamy

Typic Haplocalcids, coarse-loamy

Arenic Paleargids, fine-loamy

Typic Haplargids, loamy-skeletal

Typic Haplargids, coarse-loamy

Typic Haplargids, sandy

Ustic Calciargids, fine

Ustic Haplargids, coarse-loamy
Ustic Haplargids, sandy

Calcic Petrocalcids, loamy-skeletal,
carbonatic, shallow

Ustalfic Petrocalcids, loamy-skeletal,
shallow

Ustalfic Petrocalcids, clayey, shallow

Ustalfic Petrocalcids, clayey-skeletal,
shallow

Ustalfic Petrocalcids, loamy-skeletal
Petrocalcic Paleustolls, clayey-
skeletal

Ustic Petroargids, loamy-skeletal

Typic Torriorthents, fine-silty
(calcareous)

Tonuco
Tres Hermanos

Tugas

Turney taxadjunct
University

Upton

Vado

Vinton

Weiser

Weiser, disc.
cemented analog

Whitlock

Whitlock, Ustic analog

Wink, deep gypsum
analog

Yturbide

Yucca

Yucca, deep argillic
analog

Yucca, calcareous
analog

Yucca, deep analog

Typic Petrocalcids, sandy, shallow
Typic Calciargids, fine-loamy

Typic Haplocambids, sandy-
skeletal

Typic Haplocalcids, fine-loamy
Typic Torripsamments

Calcic Petrocalcids, loamy,
carbonatic, shallow

Typic Haplocambids, loamy-
skeletal

Typic Torrifluvents, sandy

Typic Haplocalcids, loamy-skeletal,
carbonatic

Typic Haplocalcids, loamy-skeletal,
carbonatic

Typic Haplocalcids, coarse-loamy
Ustic Haplocalcids, coarse-loamy

Typic Haplocalcids, coarse-loamy

Typic Torripsamments

Typic Calciargids, coarse-loamy

Typic Calciargids, coarse-loamy

Typic Calciargids, coarse-loamy

Typic Calciargids, coarse-loamy

" Classification is according to the Soil Survey Staff (1999). All series are established. All soils are thermic and have mixed mineralogy
unless otherwise indicated. All soils with mixed mineralogy are superactive, except for those that are sandy or sandy-skeletal. The term
“variant” has been discontinued and is here replaced by the term “analog” for informal use. SND means that the series is not designated.
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Additional Moisture Towards the
Mountains

In the Desert Project, semiarid mountain ranges
occur upslope of the arid basin and river valley (Gile,
1977; color map [1)] The general elevation of about
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the land surface soil that is classified. However,
relatively few buried soils are recognized as such in
Soil Taxonomy, because the rules for their recognition
specify (in addition to thickness requirements) that the
materials that bury them (designated a mantle of new
material) must be largely unaltered at least in the
lower part (Soil Survey Staff, 1999). In addition, the
mantle of new material may have a diagnostic surface
horizon (epipedon) and/or a cambic horizon, but no
other diagnostic horizons. Also, the mantle of new
material must have a layer overlying the buried soil
that is at least 7.5 cm thick and that fails the
requirements of all diagnostic horizons.

Many soils of late or middle Holocene age do not
meet these requirements for a mantle of new materials
because weak argillic horizons have formed in low-
carbonate parent materials and weak calcic horizons
have formed in high-carbonate parent materials. If
these horizons have not formed, buried diagnostic
horizons may become diagnostic for classification,
although they are not considered to be buried in the
classification system. These soils occur mostly along
and near the downslope margins of Organ alluvium,
where the alluvium is relatively thin and overlies
Pleistocene soils with argillic and/or calcic or
petrocalcic horizons. Table Bl summarizes these
relationships.

If a soil is buried by a younger deposit, the buried
soil is recognized as such in this report, whether or not
it meets the requirement of a buried soil for
classification purposes.

Table 4.—Conventions for classification of soils with a mantle of
new materials (generally of late or middle Holocene age) that
lack argillic or calcic horizons

Thickness of deposit Classification

Less than 50 cm Overwash phase of buried soils 2
50 to 100 cm Herbel®

Thicker than 100 cm Herbel

"The illustrative soil in the mantle (where thick enough) is
Herbel, a coarse-loamy Typic Torriorthent.

2Qverwash phases are not separately recognized in this report
(table [J but are included within the concept of the underlying soil.
See pedon 96-1, Appendix, for an illustration of an overwash phase.

31In highly detailed mapping, such materials may be designated
as thin analogs of established series or as buried soil analogs,
depending on the emphasis desired (Gile et al., 1995b). See pedon
92-4, Appendix, for an illustration of a buried soil analog. In some
instances, the depth required for an argillic horizon (e.g., 50 cm or
more in the Arenic Paleargids) is provided by younger sediments
that overlie a buried soil. See pedon 95-1, Appendix, for an
example.

Supplement to

General Soil Map

Soils of the detailed map, presented later, have
been grouped into the 39 map units shown on color
map B] A larger-scale version of the general soil map
is presented on sheet {,]on the CD that accompanies
this book. The soils have been arranged according to
their general physiographic position, as follows: (1) the
border of the Rio Grande Valley, including the adjacent
relict basin floors; (2) the piedmont slopes; and (3) the
basin floor north of U.S. Highway 70. Only the more
common soils are shown on the general map. For lists
of all observed soils, consult the section “The Detailed
Soil Maps”

Soils of the Valley Border and
Adjacent Relict Basin Floors

The valley border extends from the flood plain to the
relict basin floors, to the valleyward margins of
piedmont slopes leading to the mountains, and to the
mountains themselves if they are near the valley (color
map B)] Parent materials of the valley-border soils
originated in two general ways, depending on whether
or not the area has a large local watershed. Such
watersheds can provide substantial volumes of
sediments in the form of fans and terraces that slope
into the valley. As the valley continued to entrench,
these fans and terraces formed a stepped sequence
of geomorphic surfaces related to age (table R)] Map
unit 2 illustrates some of the soils formed in sediments
derived from noncalcareous igneous rocks, such as
rhyolite. Map unit 3 illustrates soils formed in
sediments derived mostly from highly calcareous
sedimentary rocks, such as limestone. This difference
in parent material is important because high-
carbonate materials can prevent the formation of an
argillic horizon and can speed the development of a
petrocalcic horizon. In addition to their genetic
significance, both of these are diagnostic horizons of
the soil classification system.

If there is no large local watershed, the valley-
border soils have formed in sediments exhumed by
the downcutting Rio Grande. These materials
commonly are either gravelly, erosion-resistant river
sediments that form structural benches or less gravelly
sands that form sandy ridges. In many places these
sands laterally underlie the gravelly sediments of the
structural benches. Map units 1 and 7 illustrate soils
formed in these kinds of material.

Map units 4, 5, and 6 illustrate soils formed in
nearly level sandy sediments of relict basin floors that
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represent ancient flood plains of the ancestral Rio
Grande (the lower and upper La Mesa and JER La
Mesa; table B] color map B)] These three La Mesa
surfaces, which are of different ages, form part of a
stepped sequence with the valley-border surfaces.

Soils of map unit 8 are of Jornada | age and
younger and have formed in sediments derived from
the Organ Mountains. These soils are strongly
dissected, and buried soils are exposed in many of the
ridge sides. Unit 9 is in a single area of the Leasburg
surface in the northwest part of the study area. Soils of
unit 10 occur mostly on the Picacho surface in the
same general area.

No. 1. Bluepoint, University, Kokan, and Yturbide
soils (Typic Torripsamments and Torriorthents).—
These soils occur on fans and terraces (primarily of
Fillmore age) that descend to or are truncated by the
flood plain. They also occur on narrow ridge crests and
colluvial slopes of ridge sides. On the west side of the
valley, where the unit borders units 5 and 6, the ridges
are high and steep; a narrow structural bench has
formed on gravel-capped ridges. There are common
saddles (formed by drainageways encroaching on
ridge crests) in the ridges, and slopes of their sides
range from 15 to 50 percent. Slopes are gentler on the
east side of the valley, commonly ranging from about 3
to 10 percent on ridge sides. The soils have formed in
in-place or reworked sandy sediments of the Camp
Rice Formation (fluvial facies), which were deposited
by the ancestral Rio Grande.

Torripsamments (Bluepoint and University soils)
dominate many of the fans and terraces. Torriorthents
(Kokan and Yturbide soils) dominate the structural
bench on the west side of the valley. Arizo soils
(Torriorthents) are not so steep as Kokan soils and
occur on many of the Fillmore terraces along the
arroyo channels. Very small areas of Haplocalcids
(mostly Rilloso soils) are preserved on some of the
high ridge crests.

No. 2. Rilloso, Caliza, and Yturbide soils (Typic
Haplocalcids and Torriorthents).—These soils occur
on dissected terrain west of the Dona Ana Mountains
and along major arroyos in the southern part of the
area. Most areas have been strongly dissected by
arroyos; ridge remnants of alluvial fans and terraces,
generally of Picacho age, are prominent in many
places. Narrow Fillmore terraces are commonly inset
against the ridge remnants. Nearest the valley,
dissection has been so severe that the original
depositional slope of the fans has been substantially
altered and the Picacho surface has been replaced by
the younger Fillmore surface. Saddles are common in
such areas. Longitudinal slopes along ridge crests
range from about 2 to 5 percent; slopes of ridge sides
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range from about 5 to 35 percent. The soils have
formed mostly in igneous rocks from the mountains
upslope, in places with contributions from the Camp
Rice Formation.

Haplocalcids (mostly Rilloso and Caliza soils)
dominate the ridge crests in the stabler areas. The
calcic horizon of these soils has been truncated on
very narrow ridges, and Torriorthents (commonly
Kokan soils) occur on both the ridge crests and ridge
sides. Torriorthents (mostly Arizo and Yturbide soils)
dominate Fillmore terraces inset against the
remnants. In a few places Calciargids and Argic
Petrocalcids are preserved on the stablest parts of the
Picacho surface.

No. 3. Tencee, Upton, Dalian, and Weiser soils
(Calcic Petrocalcids, Typic Torriorthents, and Typic
Haplocalcids).—These soils are east and south of the
Robledo Mountains. In most places the area is
characterized by high Picacho or Tortugas fan
remnants that have been deeply dissected. Fillmore
terraces are inset against the high fan remnants and
are about 1 to several meters higher than the arroyo
channels. Steep colluvial wedges occur on the sides of
the remnants. The Fillmore sediments often coalesce
to form small fans beyond the lower edges of the
remnants. Small areas of the Leasburg surface occur
in places and are intermediate in elevation between
the Fillmore and Picacho surfaces. Longitudinal slopes
range from 3 to 5 percent. Most side slopes along
margins of the Picacho remnants range from about 25
to 50 percent; in places they are nearly vertical. The
soils have formed in sediments derived mostly from
calcareous sedimentary rocks, including limestone
and sandstone.

Petrocalcids (Tencee and Upton soils) dominate the
broad crests of the Picacho remnants. Haplocalcids
(Weiser soils) occur on the Leasburg surface and on
narrow Picacho remnants where the petrocalcic
horizon has broken up because of landscape
dissection and soil truncation. Torriorthents (mostly
Dalian soils) dominate the Fillmore terraces and also
the colluvial wedges of the sides of the Picacho
remnants. Torrifluvents (mostly Glendale and Anthony
soils) occur in low-gravel areas of Fillmore alluvium
near the flood plain.

No. 4. Rotura-Bluepoint complex (Typic Petroargids
and Torripsamments).—These soils are on the lower
La Mesa, a relict basin floor west of the valley. Slopes
are level or nearly level between coppice dunes, which
are particularly prominent in the southern part of the
unit. The soils formed in sediments of the Camp Rice
Formation and in sandy sediments of coppice dunes.

Petroargids (Rotura soils) with deep petrocalcic
horizons are dominant. Torripsamments (Bluepoint
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soils) occur on coppice dunes. Haplargids (Bucklebar
and Sonoita soils) occur in pipes that penetrate the
petrocalcic horizon of Rotura soils. Bucklebar soils
also are in small depressions. Argic Petrocalcids
(Cruces and Hueco soils) are on many slight ridges and
in places around the periphery of the lower La Mesa.

No. 5. Tencee and Algerita soils (Typic Haplocalcids
and Calcic Petrocalcids).—These soils occur along
and near scarps bordering the La Mesa remnants
west of the valley, near Goat Mountain, and north of
Fort Selden. Slopes of ridge crests range from 1to 5
percent towards the valley. Slopes of ridge sides
range from about 10 to 40 percent. The soils have
formed in sediments of the Camp Rice Formation
(fluvial facies).

Calcic Petrocalcids (mostly Tencee soils and
eroded phases) and Typic Haplocalcids are dominant.
The Haplocalcids are mostly Algerita, Jal, and Weiser
soils, their discontinuously cemented analogs, and
eroded phases, in which the calcic horizon is at or
very near the surface.

No. 6. Cruces soils (Argic Petrocalcids).—These
soils occur on the upper La Mesa west of the valley,
on the JER La Mesa north of Fort Selden, and on La
Mesa near Goat Mountain. Slopes generally are level
or nearly level, but part of the JER La Mesa slopes 1
to 3 percent to the north. The soils have formed in
sediments of the Camp Rice Formation (fluvial facies)
and in sediments of coppice dunes.

Argic Petrocalcids (mostly Cruces soils) are
dominant. Torripsamments (Bluepoint soils) occur on
coppice dunes. Haplargids and Calciargids (Bucklebar
and Berino soils) occur in pipes that penetrate the
petrocalcic horizon of the Petrocalcids. Rotura soils
(Petroargids) occur where depth to the petrocalcic
horizon is 100 to 150 cm.

No. 7. Caliza complex (Typic Haplocalcids,
Torriorthents, and Torripsamments).—These soils are
strongly dissected, and high, narrow ridges are
prominent. A structural bench has formed on gravel-
capped ridge crests, where saddles are common. The
highest parts of the ridge crests are level or nearly
level; locally, slopes along ridge crests range from 2 to
5 percent. Slopes of ridge sides range from 5 to 35
percent. The soils have formed in sediments of the
Camp Rice Formation (fluvial facies).

Haplocalcids (Caliza and Rilloso soils) dominate
the highest, stablest ridges of the structural bench;
Torriorthents (Kokan and Yturbide soils) and
Torripsamments (University soils) dominate the
ridge sides. The eastern boundary of these soils
on structural benches is marked by a sinuous
scarp where the pebbles of the structural bench
pass beneath alluvium derived from the Organ
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Mountains. The textural contrast between the
gravelly structural bench and the finer textured, less
gravelly alluvium from the Organs is responsible for
the scarp.

No. 8. Nickel-Whitlock-Argids complex (Typic
Haplocalcids and Calciargids).—Both the land surface
and buried soils in this unit have been strongly
dissected by erosion associated with downcutting of
the Rio Grande Valley, and prominent ridges are the
dominant landform. Longitudinal slopes along the ridge
crest range from 1 to 2 percent; slopes of ridge sides
range mostly from about 5 to 40 percent. The soils
have formed in alluvium derived from monzonite,
rhyolite, and andesite, with monzonite decreasing and
rhyolite increasing southward.

The argillic horizon and the Argids are preserved at
the stablest places in the center of some ridge crests,
but in most places erosion associated with the
dissection has stripped away the argillic horizon and
the underlying calcic horizon becomes diagnostic for
classification. The resultant soils are Haplocalcids
(mostly Nickel and Whitlock soils). Buried soils
commonly crop out on the sides of ridges.

No. 9. Bucklebar and Onite soils (Typic
Haplargids).—These soils are on the Leasburg
surface and are in one map unit in the vicinity of Fort
Selden. Slopes range from level to 1 percent; most
of the area is level. The soils have formed in materials
of mixed lithology but generally with little or no
carbonate.

Parts of the area are under cultivation. Fine-loamy
Bucklebar soils occur in areas of finer texture; coarse-
loamy Onite soils occur with facies changes to coarser
texture.

The soils in this unit are not extensive, but their
stage Il carbonate constitutes an important
morphological and chronological link between younger
soils of the Fillmore surface, which have stage |
carbonate, and older soils of the Picacho surface,
which have stage Ill carbonate.

Minor areas of Haplocalcids (Nickel and Caliza
soils) and Torriorthents (Arizo and Herbel soils) occur
along the western margin of the unit.

No. 10. Rilloso and University soils (Typic
Haplocalcids and Torripsamments).—These soils
occur on the Picacho surface in the northwest part of
the study area. Slopes range from 3 to 4 percent. The
soils have formed in sandy sediments derived from the
Camp Rice Formation.

Rilloso soils (Typic Haplocalcids) are dominant.
They occur on the ridge crests of the Picacho
remnants. Smaller areas of Yturbide and University
soils (Typic Torripsamments) occur in narrow areas of
Fillmore deposits between the ridge crests.
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Soils of the Piedmont Slopes

The piedmont slopes extend from the valley border
to the Organ Mountains in the southern part of the
study area (fig. B] table B)] To the north, the piedmont
slopes extend from the basin floor north of Highway 70
to the San Andres and San Agustin Mountains on the
east and to the Dona Ana Mountains on the west.

No. 11. Algerita complex (Typic Haplocalcids).—
Ridges and intervening arroyos are prominent in this
unit. Longitudinal slopes along the ridge crests range
from 2 to 5 percent; transverse slopes of ridge sides
range from about 5 to 35 percent. The highest ridges
are Jornada | and are dissected most; the lower
surfaces (Tortugas, Picacho, and Fillmore) are
relatively stable and are less dissected. The soils have
formed in alluvium derived mostly from monzonite,
with smaller amounts from andesite and rhyolite.

In most places the sediments contain relatively few
rock fragments so that even the oldest soils (Jornada
) lack petrocalcic horizons and are mostly
Haplocalcids. Argids generally occur on the stabler
Tortugas and Picacho surfaces, and the Fillmore
surface has mostly Entisols or weak Haplargids or
Haplocambids.

No. 12. Delnorte-Algerita complex (Typic
Petrocalcids and Haplocalcids).—These soils occur
just south of unit 11 and differ from soils of that unit in
having more rock fragments and consequently more
petrocalcic horizons. Long, east-west ridges are
prominent. Longitudinal slopes along ridge crests
range from about 3 percent nearest to the mountains
to 2 percent in the western part of the unit. Slopes of
ridge sides range from about 5 to 35 percent. The soils
have formed in alluvium derived from monzonite,
rhyolite, and andesite. Southward, monzonite
sediments gradually decrease to zero and rhyolite
increases greatly.

The Jornada | ridges are dominated by Petrocalcids
(Delnorte soils), in places alternating with
Haplocalcids (Algerita soils) where the sediments
contain fewer rock fragments. Southward, the areas
occupied by the Picacho (and to a lesser extent the
Tortugas) surface become larger, so that some of the
Jornada | ridges are widely separated from each
other.

No. 13. Sonoita, Dona Ana, and Bluepoint soils
(Typic Haplargids, Calciargids, and Torripsamments).—
These soils occur in small areas east and southeast of
Tortugas Mountain, north of Port Selden, and north of
the Dona Ana Mountains. This unit has a variety of
soils that apparently formed partly or wholly in sandy
eolian sediments. Slopes range from level to 3
percent.
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Bluepoint soils, the youngest soils, occur in areas of
sandy sediments on coppice dunes. Sonoita, Dona
Ana, and Hueco soils are progressively older.

No. 14. Hachita and Pinaleno soils (Argic
Petrocalcids and Typic Calciargids).—These soils
occur on the Jornada fan piedmont and also extend
downslope, occurring on narrow valley-border terraces
between high ridges. Slopes range from 4 percent at
the higher elevations to 2 percent at the lower
elevations. The soils have formed in alluvium derived
almost wholly from rhyolite; in places there are small
amounts of andesite.

Argic Petrocalcids (Hachita soils) dominate the
Jornada Il fan piedmont, in places grading to Typic
Calciargids (Pinaleno soils) where the soils have a
calcic horizon. In downslope areas where the soils
occur on terraces inset against higher ridges, the soils
are Calciargids (mostly Pinaleno soils) and Typic
Petrocalcids (Delnorte soils).

No. 15. Soledad-Onite complex (Typic
Haplargids).—These soils occur on scattered fans of
Organ age that bury older soils of the Jornada fan-
piedmont. Slopes range from 3 to 5 percent. The soils
have formed in alluvium derived mostly or wholly from
rhyolite.

The loamy-skeletal Soledad soils are dominant.
Onite soils occur in areas of facies changes to
nonskeletal soils.

No. 16. Terino, Terino analog, Boracho, and
Caralampi soils (Ustalfic Petrocalcids, Petrocalcic
Calciustolls, and Ustic Haplargids).—The soils have
formed in rhyolitic alluvium. They occur mostly on the
Jornada, Dona Ana, and Organ surfaces and range
widely in age. The fans have been deeply dissected by
arroyos. The area includes high, narrow ridges of the
Dona Ana surface, the lower Jornada terraces (some
of which have been relatively little altered by
dissection), and still lower terraces of the Organ
surface. Slopes along the ridge crests range from
about 10 percent nearest the mountains to 4 percent
in the western part of the unit. Most slopes of ridge
sides range from about 15 to 50 percent.

Ustic Haplargids (Caralampi soils), Ustalfic
Petrocalcids, and Ustic Petroargids (Terino soils and
analogs) dominate the stabler areas of the Jornada
surface. Haplustolls (Baylor and Santo Tomas soils)
and Argiustolls (Earp soils) occur mostly on the Organ
terraces. In areas of the Dona Ana surface, ridge sides
are younger than Dona Ana ridge crests, ranging from
Jornada to Organ in age. Because of this variety and
the effects of slope and aspect on soil morphology, the
soil patterns are extremely complex. A small, but
highly significant remnant of the Dona Ana surface is
preserved in a bedrock-defended area in Ice Canyon,
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at the highest elevations in this unit. Consult Gile et al.
(1995b) for a detailed soil map of this important area;
soils of this remnant are not known to exist elsewhere
in the Desert Project. Ustalfic Petrocalcids (Hayner
soils and analogs) dominate the relatively stable ridge
crest in this area. Ustic Haplargids (Eloma soils and
analogs) dominate the ridge sides. On the Dona Ana
surface west of Ice Canyon, Terino soils occur in the
stabler areas; Petrocalcic Calciustolls (Boracho soils)
occur in the less stable areas where the argillic
horizon does not occur. Ustic Petrocalcids (Monterosa
soils) occur in places where the epipedon does not
qualify as mollic, mostly on some south-facing slopes,
particularly at the lower elevations.

No. 17. Baylor, Santo Tomas, and Earp soils
(Torriorthentic Haplustolls and Aridic Argiustolls).—
These soils occur west of the southern part of the
Organ Mountains, on fans and terraces of Organ age.
Slopes range from 4 to 10 percent. The soils have
formed in sediments derived mostly from rhyolite. They
are mostly Baylor soils (Torriorthentic Haplustolls),
Santo Tomas soils (Pachic Haplustolls), and Earp soils
(Aridic Argiustolls). The Earp soils occur on the older
parts of the Organ landscape where an argillic horizon
has formed.

No. 18. Caralampi complex (Ustic Haplargids and
Calciargids and Ustalfic Petrocalcids).—These soils
occur along the front of the Organ Mountains, directly
north of unit 16. The soils occur on high fans extending
westward from the mountain canyons and on terraces
between the fans. Slopes generally range from about 5
to 15 percent, in places reaching 40 percent on sides
of ridges at the highest elevations. The soils have
formed in alluvium derived mostly from monzonite and
rhyolite; calcareous sedimentary rocks contribute
alluvium in a few areas.

Ustic Calciargids (Nolam soils) and Haplargids
(Caralampi soils) are dominant on the Jornada fans,
and Ustalfic Petrocalcids (Terino soils) occur where a
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horizons, and the older soils of the Jornada Il surface,
which have prominent stage Ill horizons. The coarse-
loamy Yucca soils have less than 18 percent clay in
the fine-earth fraction and illustrate initial development
of both the calcic horizon and the Yucca series. Very
minor areas of Bluepoint soils (Typic Torripsamments)
and Amole soils (Typic Torriorthents) occur on the
Isaacks’ Ranch ridge. Both soils have Bt horizons that
are too coarse-textured for a cambic horizon and have
too little clay increase for an argillic horizon.

No. 22. Delnorte very gravelly sandy loam (Typic
Petrocalcids).—These soils occur on small, isolated
Jornada | and pre-Jornada | fan remnants west of the
Organ Mountains and rhyolite parts of Quartzite
Mountain. Slopes along ridge crests of the remnants
range from 3 to 15 percent; slopes along ridge sides
range from 10 to 25 percent. The soils have formed in
alluvium derived mostly from rhyolite and/or
monzonite, in places with minor amounts of
sedimentary rocks.

Typic Petrocalcids (Delnorte soils) are dominant;
Simona soils occur in areas of the less gravelly
materials. Argids (mostly Hachita soils) occur in minor
areas where an argillic horizon is still preserved.

No. 23. Summerford, Onate, and Aladdin soils
(Ustic Haplargids, Aridic Argiustolls, and Typic
Haplustolls).—There are two delineations of this unit,
one in the vicinity of Organ Mountains and the other
around Summerford Mountain. These soils occur on
Organ fans that extend downslope from the
mountains. Slopes range from about 4 to 13 percent in
the Organ area and from about 7 to 10 percent in the
Summerford Mountain area. The soils have formed in
sediments derived from monzonite.

Ustic Haplargids (the Summerford soil and its
analog) tend to dominate the Organ fans around
Summerford Mountain, with fewer Argiustolls and
Haplustolls. In contrast, Onate and Aladdin soils tend
to dominate the area in the vicinity of Organ, occurring
mostly at the higher elevations in the central to eastern
part of the unit. Most soils are gravelly, but not skeletal;
generally, the gravel is fine or medium in size.

No. 24. Tencee, Upton, and Jal soils (Calcic
Petrocalcids and Typic Haplocalcids).—These soils
occur on Jornada fans west of the San Andres and
San Agustin Mountains. Slopes range from 2 percent
at the lower elevations to 6 percent near the mountains.
The soils have formed in alluvium derived from
limestone, sandstone, siltstone, and shale, generally
with additions of rhyolite, andesite, and/or quartzite.

Petrocalcids (mostly Tencee and Upton soils) are
dominant. Haplocalcids (mainly Jal soils) occur in the
less gravelly areas where a petrocalcic horizon has
not formed.
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No. 25. Tencee, Boracho analog, and Kimbrough
soils (Petrocalcic Calciustolls and Calcic
Petrocalcids).—These soils occur on ridge remnants
of Jornada fans in two areas (one west of Bear
Canyon and the other west of Hawkeye Canyon) and
on narrow Organ terraces between the ridges. Slopes
range from 3 to 8 percent along ridge crests and from
10 to 25 percent on ridge sides. The soils have formed
in sediments derived mostly from sedimentary rocks—
limestone, siltstone, sandstone, and shale, commonly
with additions from igneous rocks, such as rhyolite,
granite, and monzonite.

Boracho analog and Kimbrough soils (both
Petrocalcic Calciustolls) occur in the highest, stablest
parts of the unit, and Tencee and Upton soils (Calcic
Petrocalcids) occur at the lower elevations. Calcareous
analogs of Baylor and Santo Tomas soils (both
Haplustolls), Dalian soils and their analog, and Herbel
soils (all Torriorthents) occur on the Organ terraces.

No. 26. Herbel and Anthony soils (Typic
Torriorthents and Torrifluvents).—These soils occur
west of the San Andres and San Agustin Mountains,
on fans and terraces of Organ and Isaacks’ Ranch
age.

Slopes range from 2 to 6 percent. The soils have
formed in alluvium derived partly or mostly from
sedimentary rocks—limestone, sandstone, siltstone,
and shale, commonly with additions from rhyolite,
andesite, and/or quartzite. No argillic horizons occur in
this unit because enough carbonate is in the parent
materials to preclude the formation of an argillic
horizon in soils this young.

The Typic Torriorthents (Herbel soils) are dominant.
Primarily because of variations in texture and age, this
unit has a wide variety of other soils. Some soils (such
as Anthony soils) are Torrifluvents because medium or
moderately fine textured horizons are at relatively
shallow depths and are overlain by coarser textured
materials, causing an irregular decrease in content of
organic carbon with depth. Horizons in other soils of
early Organ or Isaacks’ Ranch age have enough
carbonate to qualify as calcic horizons because high-
carbonate sediments are in the parent materials.
These soils (mostly Nickel and Caliza soils) are Typic
Haplocalcids. Typic Torriorthents (Arizo soils) and
Typic Torripsamments (Yturbide soils) occur in places.

No. 27. Reagan-Glendale complex (Typic and Ustic
Torrifluvents and Haplocalcids).—These soils occur in
broad, sheetlike deposits of Organ age west of the
San Andres Mountains. Slopes range from 1 to 2
percent. The soils have formed in alluvium derived
mostly from sedimentary rocks—limestone, siltstone,
sandstone, and shale, commonly with additions from
such rocks as rhyolite, andesite, and quartzite.
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No argillic horizon has formed in these soils of
Organ age because the materials contain too much
carbonate for one to form in soils this young. Weak
calcic horizons, however, have formed in some soils of
Organ | age. Thus, all soils are either Entisols or weak
Haplocalcids. For example, the Reagan and Crowflats
soils are Ustic Haplocalcids and Torrifluvents,
respectively. These soils occur in grassy areas where
moisture infiltration is much greater than in the barren
areas where Glendale and Reakor soils (Typic
Torrifluvents and Haplocalcids, respectively) occur.

No. 28. Headquarters complex (Ustic and Typic
Calciargids and Ustic Haplocalcids).—These soils are
on the Jornada fan piedmont directly north of unit 20.
The boundary between the two units is caused by a
change to high-carbonate parent materials in unit 28.
Slopes range from 2 percent at the higher elevations
to 1 percent near the basin floor. The soils have
formed in alluvium derived mainly from limestone,
sandstone, siltstone, and shale, commonly with
additions of rhyolite and/or quartzite.

These soils illustrate the sporadic occurrence of the
argillic horizon that results partly from variations in
carbonate content of the alluvium; the argillic horizon
formed where the carbonate content of the alluvium
was sufficiently low. In other places the argillic horizon
formed and was later eroded away, as is shown by
exposures along scarps. The Ustic and Typic
Calciargids (Headquarters and Dona Ana soils) occur
where the argillic horizon formed and was not later
eroded away; the Ustic and Typic Haplocalcids
(Chispa and Jal soils, respectively) occur where no
argillic horizon is evident.

No. 29. Jal sandy loam (Typic Haplocalcids).—
These soils occur mainly west of the San Andres
Mountains, with small areas near the Dona Ana
Mountains and Tortugas Mountain. Most slopes range
from 1 to 2 percent. The soils formed in alluvium
derived mostly from limestone, siltstone, shale, and
sandstone; in places, rhyolite, monzonite, and andesite
are in the sediments. The soils are mostly the Typic
Haplocalcids (Jal soils), in places with inclusions of
Calciargids, Petrocalcids, Torrifluvents, and
Torriorthents.

No. 30. Dona Ana soils (Typic Calciargids and Typic
and Ustic Haplocalcids).—These soils occur in one
area west of the San Andres Mountains, on the lower
slopes of the Jornada fan piedmont. Slope is 1 percent
to the west. The soils have formed in sediments
derived mostly from sedimentary rocks—limestone,
calcareous sandstone, siltstone, and shale, with lesser
amounts of granite, quartzite, andesite, and rhyolite.

This unit illustrates Pleistocene soils that have
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argillic horizons despite having formed in high-
carbonate parent materials; these are the Typic
Calciargids (Dona Ana soils). Typic and Ustic
Haplocalcids (Jal and Chispa soils, respectively) occur
where an argillic horizon has not formed. If soils of this
unit had very high percentages of limestone
fragments, the argillic horizon would not have formed
at all, as is illustrated by the Tencee and Upton soils of
the same age along the valley border.

No. 31. Dona Ana sandy loam (Typic Calciargids).—
These soils occur in large areas of the Jornada |l
surface east of the Dona Ana Mountains. Slopes range
from 1 to 2 percent to the east. The soils have formed
in alluvium derived from rhyolite, monzonite, andesite,
and latite; in places there are small amounts of
sedimentary rocks in the alluvium.

The Typic Calciargids (Dona Ana soils) are
dominant. Also occurring are the Typic Calciargids
(Berino soils) that lack macroscopic carbonate
throughout the Bt horizon and Hap and Tres
Hermanos soils, which average 15 to 35 percent
gravel in their control sections.

No. 32. Herbel and Onite soils (Typic Torriorthents
and Haplargids).—These soils occur in several areas
east of the Dona Ana Mountains. Slopes range from 2
to 4 percent. The soils have formed in sediments
derived from monzonite, rhyolite, andesite, and latite.

Most soils occur on the Organ fan piedmont, but
some soils of Jornada age are at or very near the
surface because most Organ sediments tend to be
relatively thin downslope from the Dona Ana
Mountains. Thus, a number of soils are “overwash
phases” of buried soils, mostly Tres Hermanos soils
(Typic Calciargids). Where the Organ deposits are
thicker, Onite soils (Typic Haplargids) occur if the soils
have an argillic horizon. Herbel soils (Typic
Torriorthents) dominate areas with no argillic horizon.

No. 33. Hachita, Casito, Delnorte, and Nickel soils
(Argic Petrocalcids and Typic Haplocalcids and
Petrocalcids).—These soils occur on the upper slopes
of the broad Jornada fan piedmont east of the Dona
Ana Mountains and south of Summerford Mountain.
Slopes range from 3 to 7 percent. The soils have
formed in sediments derived from rhyolite, andesite,
monzonite, and latite.

Argic Petrocalcids (Hachita and Casito soils) occur
on the stablest landscapes where the argillic horizon is
still preserved. Typic Petrocalcids and Haplocalcids
(Delnorte and Nickel soils) are most common on
narrow ridges and occur where the argillic horizon has
been eroded away, obliterated by soil fauna, and/or
engulfed by carbonate. Typic Calciargids (Pinaleno
soils) occur where a calcic horizon rather than a
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petrocalcic horizon has formed. Typic Haplargids
(Soledad soils) and Torriorthents (Herbel soils) occur
in minor areas of Organ sediments.

No. 34. Whitlock and Rilloso soils (Typic
Haplocalcids).—These soils are of Jornada Il age and
occur downslope of Summerford Mountain. Slopes
range from 3 to 5 percent. The soils have formed in
alluvium derived from monzonite.

The Typic Haplocalcids (coarse-loamy Whitlock and
sandy Rilloso soils) are dominant. Minor areas of
Dona Ana and Hap soils, both Typic Haplargids, occur
where an argillic horizon has been preserved.

Soils of the Basin Floor North of
Highway 70

This section includes soils of the level basin floor
and the adjacent fan toeslopes that slope /2 percent or
less (fig. B] table )] Soils of unit 35 have formed in
high-carbonate materials; the other soils have formed
in low-carbonate parent materials.

No. 35. Reagan clay loam (Ustic Haplocalcids).—
These soils occur northeast of Isaacks’ Lake Playa.
Slopes range from level in the western part of the unit
to /2 percent in the eastern part. The soils have
formed in nongravelly sediments with substantial
amounts of silt and clay. The sediments were derived
mainly from limestone, calcareous sandstone,
siltstone, and shale, with smaller amounts of rhyolite,
andesite, and granite.

Reagan soils (Ustic Haplocalcids) are dominant.
Reakor soils (Typic Haplocalcids) occur in barren
areas where soil moisture is less than on the grassy
Reagan soils.

No. 36. Algerita and Chispa soils (Typic and Ustic
Haplocalcids).—These soils occur on the northern
part of the basin floor north of Highway 70. Broad,
slight ridges and intervening slight depressions are
typical of this unit. The depressions are level and the
ridges slope 1 percent or less into the depressions.
The soils have formed in the sand and mixed rounded
gravel of the Camp Rice Formation (fluvial facies).

Algerita soils (Typic Haplocalcids) are dominant.
Chispa soils (Ustic Haplocalcids) occur in the lowest
part of the depressions and along margins of the
adjacent toe